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ADVERTISEMENT. 



The subjoined Advertisement will explain the extenBive 
changes which this work underwent in its Fifth Edition, 
and indicate the manner in which the task of carrying 
them out was apportioned between the Editors. In the 
present edition no fundamental change has been made in 
the book, but the whole has been subjected to careful 
reyision, and such alterations and additions have been 
introduced as the progress of the science appeared to 
require. 

The increasing claims of professional dutj having pre- 
vented Mr. Quain from continuing his services as co-editor, 
his place has been taken hy Mr. Ellis, who has accordingly 
been associated with Dr. Sharpey in preparing the present 
edition, and has edited that portion of the work which had 
previously fallen to the share of his predecessor. 

Ukiysbsitt CoLLiai, London, 
October, 1856. 
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AD\'ERTISEMENT TO THE FIFTH EDITION. 



Sooy nfter they Iind begun to prepare for publication a 
lew edition of Dr. Qcais's Asatomt, the Editors found 
tbat in order to place the work oii a level with the exieting 
state of anatomical knowledge, aud maintain for it the 
character it has hitherto poBscssed, their labour must be 
much more eitenaive than usually falls to the lot of an 
editor. They perceived, ia fact, that it would be advisable 
to write a considerable part of the work anew, whilst the 
test underwent such alterations as were required in a 
careful revision. The following changes have accordingly 
been made in the present edition. 

The whole of the Section on General Anatomy is re- 
written. This divieion has been paged eeparately in order 
that a portion of it might appear in each of the Farts into 
which the work was divided in its publication. 

The Descriptive Anatomy of the Gaseous System has 

idergone various alterations, and some portions, including 
those which treat of the Formation and Growth of the 
several Bones of the Skeleton, belong exclusively to this 
edition. The description of the Articulations has been 
subjected to a complete revisal. 

Under the head of the Muscular System, many additions 
have been made ; among which may he eapecinlly mentioned 
the account of the variations of form and attachment 
observed in individual muscles. Several ports have been 
re-written; but the paragraphs beaded "Dissection" and 

Action of Muscles " ore printed from the preceding 

ition with scarcely any alteration. 




T!ie principal changes to which the sectioa on the 
Vaacular System has been aubjected, occur in the descrip- 
tion of the Arteriea. The hiatory of each of the larger 
nrteriea Las been recast, and a statement of the varied 
forms which these Tassels present in different cases has 
been abridged from a special treatise published bj one of 
the Editors. 

In the remuinder of the work, including the description 
of tlie Brain, Nerves, and Organs of the Senses, the Heart, 
with tiie Digestive, lleBpiratory, Urinary, and Generative 
Organs, little or nothiug reniaius of the former editions. 

The Surgical Anatomy, which has been introduced partly 
in counecilon with the history of the principal arteries aud 
partly ut the end of the worli, has likewise been written for 
the present edition. 

In editing the work, the different parts have becu appor- 
tioned in the following manner, viz., the General Anatomy 
to Dr. BiiABPET, with the Descriptive Anatomy of the 
Brain, the Heart, the Organs of Bespiration, Voice, 
Digestion, Urine and Generation ; and to Mr. Qfaih the 
remaining portion of the Descriptive Anatomy, compre- 
hending the Bones, Muscles, Articulations, Fasciff, Vessels, 
Nerves, and Organs of the Senses, as well as the Surgical 
Anatomy of the different Kcgions, 

In a part of their labours, the Editors have availed them- 
selves of the aid of their Junior Colleagues in the Anatomical 
Department of University College, viz., Mr. Kllis, the late 
Mr. PoTTEn, and Mr, Mabshali.. 

The Description of the Nerves is, in great part, due to 
Mr. Ellis, who has devoted much attention to the prose- 
cution of this branch of Anatomy. Mr. Pottek afforded hia 
aid ill the account of tiie Fasciie and Organs of Sense, By 
the assistance of Mr. Mabsiiall, Dr. Shabpet baa been 
relieved of much of the labour required for the esecution of 
his ehare of the Descriptive Anatomy ; in the preparation of 
which, while free use has been made of existing Bysteroatic 
works, the notes of bis lectures have, for the most part. 



ADVERTISEMENT TO THE FIFTH EDITION. 



IX 



served as a basis. But while thej willingly concede to their 
colleagues a full share of any merit which may be found in 
those portions of the work in which they were respectively 
engaged, the Editors assume to themselves the whole of the 
responsibility. 

A large number of Engravings on wood have been added 
to those which appeared in preceding editions. When copied 
from any other work, the sources from which the new Illus- 
trations have been derived are in all cases mentioned ; when 
no such acknowledgment is made, the drawing is to be 
considered original. 

Lastly, it may be well to explain, that when statements 
ore made in the first person, they proceed from the Editor 
of that part of the book in which they occur. 

September, 1848. 
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ELEMENTS OF ANATOilY. 



INTRODUCTION. 

E material objecte nliich exist is nnturo belong to two Diviiion tf 
t division* ; those whicli are living or which, have lired, jJ^^J^; 
) which neither aro nor have ever been endowed 
The fimt ilivision coinprohendB animaU and 
Ab, the other mioeral Bubatancea. 

n a living luiimal or plant, changea take place and pro- 
« ttT« cftnied on, which are ueoensury for the maintenance 
a Uving etate, or for the fulfilment of the ends of ite 
e termed ita functions, and certain of these 
I being common to all living beings serve among 
r charactara to disCiuguiHh them from inert or mineral 
Such are thu function of nutrition, by which 
J birings take vxtraneous matter into their bodies and 
•OBTert it into their own substant'e, and the funoUon of 
goieration or nproduftion, by which they give rise to new 
individiuiU of the same kind, and thus provide for the con- 
tinuance of tUeir Kpecie.1 after their own limited existence 
^hAlI have ceased. 

But in onler that BUch processes may be carried on, the 
liody of a living being is conrtnicted with a view to their 
accomplishment, and its several porta are adapted to th? 
performauoe of iletenninate offioea. Such a constitution of 
body is termed organisation, and those natural objects which 
.t are named organiatd bodifs. Animala and plants, 
> constitnted, are organised bodies, while minerals, 
g snch a structure, are iiH/rgauic. 
e object of anatomy, in ita most esteuded sonso, is to , . , . 
n and make known the structure of organised bodies. AdiIoio;. 
rcienco is divided according to its subjects ; Ihu 

■ tOL. L ~ ll 
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ISTHODCCTION. 

investigation of tlie Btnioturo of plants forms a dis^ct 
study under the name of Vegetable Anatomy, and the 
anatomy of tho lower animals is distinguished from that of 
man or human onntomy under the name of CompomtiTe 
Anatomy. 
1 On examining the Btructiire of an OTganised body, we And 
that it is made up of members or organn, tlirougli means of 
which itsfimotionB are executed, such sa tho root, stem, and 
leaves of a plant, and the heart, brain, stomach, or limbs of 
an animal ; and further, that these oi^ns are themselves 
made up of certain constituent mateiials named tisauos or 
textures, as the cellular, woody, and vascular tisauee of tho 
vegetable, or the osseous, muscular, areolar, macular, and 
various others, which form the animal organs. 

Most of the textures occur in more than one oi^an, and 
some of them indeed, as the areolar and vascular, in nearly 
all, BO that a multitude of organs, and these greatly divend- 
fied, are coostruct-ed out of a small number of constituent 
tissues, just as many different words are formed by the 
varied combinations of a few letters ; and ports of the body, 
differing widely in form, construction, and uses, may agree 
in the nature of their component materials. Agiun, as the 
same testnre possesses the same essential characters in what- 
ever 01^^ or region it is found, it is obvious that the struo- 
ture and properties of each tissue may be made the subject 
of investigation apart from the organs into whose formation 
it enters. 
Gmeral Bad These considcratioits natiwdly point out to the Anatomist 
a twofold line of study, and have led to the subdivision of 
Anatomy into two branches, tho one of which treats of the 
nature and general properties of the component textures of 
the body ; the other treats of its several organs, membeia, 
and regions, describing the outward form and internal struo- 
tiu« of the parts, their relative situation and mutual con- 
nection, and tho successive couditious which they present in 
the progress of their formation or development. The former 
is usually named "General" Anatomy, the latter "Special" 
or " Deacriptivo " Anatomy.* 

* Thcie luuoeB have been oVijected to, and the terms Histology (Iirrti, 
a web, and \iytt, a diBi;riur»e), and Morphologj ((iopffc, form, fcc), 
themseWes not free from objecUon, have been proposed in their Btead : 
there Mema no nffident reasan for the snbstitntion ; the latter term, 
indeed, is otteii nsed in a diflerent seuse ; the furmer is duw, however, 
gsiciing aooaplance, both in this eooatiy and elsewhere. 




GENERAL ANATOMY. 



L CONSrOEKATIUKS ON THE TEXTURES. 

I hnmui body consiists of solids and fluids. Onlj e 
"\ parts can be reckoned ae texiuTee, jiroperly bo ^ 
f tht) tluidB, Tin. ihe blood, chyle, 
, contain in BUBpenttioa solii] organised corpuscles 
of determinate form and organic prot>eniea, anil are not 
mere jiroducts or secretions of a particular organ, or con- 
&ied to a particular part, the corpusclea of these fluids, 
though not coherent textures, are to bti looked upon as 
organised conatituente of the body, and an Eucb may not 
tmpropeily he considered along with the solid tiasueK. Id 
eonfonnity with this view the textures and other organised 
ititnents of the frame may be enumerated as follows : — 



blood, chyle, and lymph, 

tissue, including epithelium, cutiole, naila. 




e and itit varieties. 
o or OEseouB tissue. 
Ifnscnlu' tissue. 
P^CTTOUB tiaue. 

Abaorbent ve<sels and glonda. 
Serotu and synovial membrauce. 



GENERAL CON'S IDS RATIONS ON THE TEXTUESS. J 

Skin. 

Secreting glalids. 

TuGciilar or ductless glunJR. 

Every textuio tiken &s a whole ww viewed by Bichat as 
cuustituting a. peculiar Hystem, preaenting throughout its 
whole extent iu the body characters either the same, or 
modified only so far as its local connectionB and uses rendered 
iiecessaiy ; ha accordingly used the term " organic systems '* 
to designate the textoies taken in this point of view, and 
the term has been very generally employed by succeeding 
writera. Of the tisBueg or organic HystemB euumerated, 
some are found in nearly every organ ; such is the awe witi 
the areolar or couuective tissue, which serFos aa a connecting 
materia] to unite together the other tissues which go to fonn 
an organ ; the vessels, which convey fluids for the nutrition 
of the other textures, and the nerves, which establish a 
mutual dependence among different orgims, imparting to 
them sensibility, and governing their uiuvcments. These 
d were named by Bichat the "general systems." Others 
again, as the curtiluginous and osseous, being confined to a 
limitoi) number, or to a particular class of organs, be named 
"particular systems." Lastly, there are some tissues of such 
limited occurrence that it has appeared more convenient to 
leave them out of the general onumeratiou altogether, and 
to defer tjio consideration of them until the particular organs 
in which they are found come to be treated of. Accordingly 
the tissues peculiar to the crystalline lens, the enamel of tha 
teeth, and some other parts, though equally independent 
textiu;es with those above enumerated, are for the reason 
assigned not to be described in this part of the work. 

It is further to l>e observed, that the tissues above 
enumerated ore by uo meaus to be regarded as simple 
structural elements ; on the contrary, many of them are 
complex in constitution, being made up of several more 
simple tissues. The Uood-vesseU, fur imitance, are composed of 
several coats of diiferent structure, and some of these coats 
oonsist of more than one tissue. They nro, strictly speaking, 
rather organs than textures ; and indeed it may be remarked, 
that the distinction betireen textures and organs has not in 
general been strictly attended to by anatomists. The some 
remark applies to mucous membrane and the tissue of the 
glandN, which stniotures, as commonly understood, 
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PHYSICAL PROPERTIES OP THE TEXTURES. 

Uglily complex. Were we to separate every tissue into tlio 
simplest pnrtH which poaseased a^igunble form, we ahoiild 
resolve the whole iiito a very few constructive elements ; 
kn>l, having r^^d to form merely, and Dot to difference of 
chemical conBtJtutioti, we might reduce these elements to ei 
the following, viz. 1. limjjU Jilrrf, 2. himuigeneout mtmhrcme, "' 
either spread out or forming the woUb of tabes or ctUt, and 
L flohuita ot graindtt, vnrying in duuneter from the -y^jg^jth 
*e loVoth of *» inch. llwse, with a quantity of 
ihoiM motttr, homogenooua or molecular, might be said, 
\ tb«ir varied combinntious, to make up the difleront kinds 
I stmcture which we recognise in the tuisuea ; and if we 
I account that tbu chemical nature of these 
lative elements and of the amorphous mutter may vary, 
t will be readily conceived that extremely diveraifled 
"is may be produced. 



PHTSICiL PROPBRTIES. 

HEoes like other forms of matter are endowed 
» phyBio&l properties, such as consistency, density, 
1 the like. Of these the most interesting to the 
iologiit ia the property of imbibing fluids, and of per- 
j fluids to pass through their substance, which ia 
mtiaUy coiinect«d with some of the most important phe- 
tKimeiia that occur in the living body, and seems indeed to 
be indiipensable for the munteniuice and manifestBtioa 
of Ufe. 

All the uft tisnea coataiD water, wme of tbem more than (bar- 
fiflhs of their veigiil ; Ui[a tht;; ]>«« b; drjiDH, and with it their foCt- 
Den and dnihtlilj, sliriakiag op into muUtir bulk and becoBiing hard, 
brittle, and traaipajeiit ; bnt when tbo dried tisane U placed id coulact 
with waler, it grMdilj- imtjbei the fiuid again, and iPOOTen its furmer 
uie, Tei^hl, and mccbanical properties. Theimbibedwal^risEioduubt 
parity Doubuncd mecbaoicallr in the iateraticcs of tiie tiKjDe. and re- 
tained there by capUar; attFactioD, like water ia mraat ujidMiaDe or 
'norgatiic peraoa nbelaucei ; but it has been qaEStiaDcd whether 
eatial part of the prweiB of imbibition bj an umnat timie is to 
ibed tu mete porocity, for the Said is not merely ludged betveeu 
KUna or lamiue, or in tJis cavities of the teitnre ; a part, pro- 
^~y the chief part, is incorporated wiUi the matter which fiinni the 
and is in a itate of onioD with it, which is supposed to be more 

>■ than eoold wcU be aicribed to the mere inclaiion of a Hnid in 

■fore* of another labalance. Be this aa it may, it ia dear that the 
|H^ OieD in their inni«t mtstanc*^ are permeaUe to flnids, and 
■ pi u pwty is indeed aecemiy, not onij to maintmn their dnc ~ 



VITAL PROrERTIES OF THE TESTUEES. 

as known, are peculiiir to liiiiig bodies, aud are accordingly 
named " vital properties. " These vital propertiea are 
colled into play by various stimuli, citemal and iutertiEd, 
physical, cheniical, aud mental ; and the aasembUge of 
uotiona thence resulting hus been deaignated by the term 
"life." The words "life" and " vitality " are often also 
employed to sigiiify a single principle, force, or agent, whiolt 
has been regarded as the common source of all vital pro- 
portioB, and the common cause of all vital actions. 

1. Of the vital properties, there is one which is uiiivetsal 
in its existence among organised beings, namely, the pro- 
perty, with which all such beings are endowed, of converting' 
into their own substance, or "assimilating," tdimuntaiy 
matter. The operation of this power is seen in the continiuti 
renovation of the materials of the body by nutrition, and in 
the increase and extension of the organised substance, which 
neoessarily takes place in growth and reproduction ; it nuuii- 
fests itaolf, moreover, in individual textures an well as in the 
entire organism. It has been called the " nssimilative force 
or property," "organising force," "plastic force," and is 
known also by various other names. Bnt in reaHty the 
process of assimilation produces two different effects on the 
matter assimilated : first, the nutrient material, previonaly 
in a liquid or amorphous condition, acquires determinate 
form ; and secondly, it may, and commonly does, undergo 
more or less chango iu its chemical qualities. Such being 
the case, it seems reasonable, in the mean time, to refer 
these two chaiiges to the operation of two distinct agondea, 

' and, with Schwann, to reserve the name of " plastic " force 
for that which gives to matter a definite organic form ; the 
other, which he proposes to call " metabolic," being already 
generally named "vital affinity," Respecting the last- 
uamod agency, however, it has been long since remarke<], that 
although the products of chemical changes iu living bodies 
for the most part differ from those appearing in the inor- 
ganic world, the difference is nevertheless to be ascribed, 
not to a pecnliar or exclusively vital affinity different from 
ordinary chemical affinity, but to common chemical affinity 
operating in circumstances or conditions which present them- 
selves in living bodies only. 

2. When a muscle, or a tissue containing muscular fibres, 
is exposed in an animal during life, or soon after death, and 
scratched with the point of a knife, it contracts or shortens 
itself ; and the property of thus visibly contracting on tbe 
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TITAL PROPERTIES OP THK TEXTURES. 

cstioD of a stimulus is noiiioil " vital coutractility," ur 
■tiUMiity," in the reatncted sense of tiiis kttcr term. 
Tito property iu queation may be called iota play by various 
other stimuli besides that of mechaDic&l irritation — especially 
by electricity, tho sutlden application of heat or cold, salt, 
and varioas other chemical ii^nt^ of an acrid character, and, 
iu a large class of muscles, by the exercise of the will, or by 
involuntary mental stimuli. The stimulus may be applied How ox- 
cither directly to Iho muscle, or to tho norves unteriujf it, '""'■ 
which then communicate the effect to the muscular fibre, and 
it is in the latter mode that the voluntary or other mental 
stimuli are transmitted to muscles from the brain. More- 
', a muscle may be excited to contract by irritatiou of a 
B not directly connected with it. The stimulus, iu this 
^ IB first conducted by the uvrvc irritated, to the brain 
I cord ; it is then, without parUdpntiou of the will, 
I «ren without conacionaneas, transferred to another nerve, 
which it u conveyed to the muscle, and thus at length 
I muscular contraction. The property of nerves by 
h they convey stimuli to musclts, whether directly, as 

« of muscular nerves, or drcuitously, ns in the case ■ • vi> iwr- 
last instanced, is named the " vis nervosa." ^""^ 

Tbo evidence that a tissue possesses vital contractility Twt» of 
is derived, of course, from the fact of its contracting on SwiuiS' 
the application of a stimulus. Mechanical irritation, as 
sasitching with a sharp point, oT slightly pinching with the 
forceps, electricity obtained from a piece of copper and a, 
piece of sine, or from a larger apparatus if necessary, and 
the sudden application of cold, are the stimuli most com- 
monly apphcd. Heat, when of certain intensity, is apt to 
cause permanent shrinking of the tixsue, or " crispation," as 
it ium been coiled, which, though quite different in nature 
from vital contraction, might yet be mistaken for it ; and 
the same may happen with acids and some other chemical 
agents, when employed in a concentrated state : in usitig 
1 stimulants, therefore, care should bo taken to avoid 
't aouFoe of deception. 
. We become conscious of impressions miide ou various Sonsibliity. 
i> of the body, both extemal and i:iternal, by the faculty 
-, and the parts or textures, impressions on which 
itdt, are said to be sensible, or to possess the vital pro- 
" "iemdbility." 
is property mouifests itself in very different degrees in 
rent parti ; from the hairs and noits, which indeed are 
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absolntely iusenaible, to tlio akin of the points of the fingers, 
,. the exquiaitu eeusiULlitj- of wlilch is well known. But sensi- 
bility is a property whidi really depends on the brain and 
nerves, and the different tissnea owe what sensibihty th«f 
jMisBesB to the sentient nerves which are distributed to them. 
Honcc it is lost in piirts severed from the body, and it may 
be immediately extinguished in a part, by dividing or 
tying the nerves bo as to cut off its connection with the 

In estimating the degree of aeusibility posaessod by a tiasue, 
whether in the human subject or by observations made on 
the loner animals, which for obvious reasons are much less 
satisfactory, several modifying circumstances must bo taken 
into account, which will be duly adverted to in their proper 

pl.01,. 

It tfaas appeara tbnt the acrres senc to coadact impresainDi to the 
brain, which gire rise to eenHiLtioDi nud b.]sq to convej Btiiunii to the 
, ninscieB, which excite taatiun ; and it U not improbable Ibat, in both 
> these cam, the eondni^Te property eienrieed bv the nervoua cords maf 
tie the Baiae, the difference of effect depending on tbii, that in the oae 
can the impre^on ia carried upwards to the senBoriiil port of Uu 
brain, and in the other davn«-srda to an irritable tinue, which it 
csngea to contract ; the atininlna in the latter eaie either having 
origioated in the brain, u in the instonee of volnntarj motion, or 
baving been Erst conducted upwards, bj sa aSereot Derve, to the part 
of tbe oerebro •spinal centre devoted to excitatiun, and then tranBTerrod 
to an efferent or mujoular nerve, along which it trnveU to the muscle. 
If this view lie correct, the power bj which the nervea conduct senaorial 
impregsiona and the hefore-meatiooed "via nervosa" are one iiod th« 
same litol propert; ; the diffeceoce of the effects resulting from ila 
eierciae being due partly to the different nature of the stimuli applied, 
but especially to a difference in the susceptibility and mode of 
of the organs to whiiih tiie stimuli are coureyed. 



CMj^ 



DEVELOPMENT OF THE TEXTURES. 






The tissues of organised boilies, however iliversified they 
may ultimately become, show a wonderful uniformity in their 
primordLil condition. From researches which have been 
made with the microscope, espucially during the last few 
years, it has been ascertained that the different organised 
struoturea found in plants, and, to a certain extent, also 
those of animals, originate by means of minute vesicles or 
cells. These cells, remaining as soparnte corpuscles iu the 
fluids, and grouped together in the solids, persisting iu some 
t cases with but little change, in others undergoing a partial 
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or thomugb tranaformation, produce the varieties of form 
ojid structuro met witli in the nnimol ad<1 vcgi^tnble texturea. 
Nay, the gcnn from which on animal origiuaUy aprings, so 
far »t least as it ha.i been rccDgnised under a dixtinct form, 
api>«m as a call ; and the embtyo, in its eorlieBt atagea, ia 
but a cloEter of cells produced from that primordial one ; no 
distiactiou of teiture being Been till the process of tr&iis- 
fomntiun of the cells has begun. 

No branch of knowledge can be said to be complete ; but 
there is, perhaps, none trhich can, at the present moment, 
be inore emphatically pronounced to be in a state of progress 
than that which relates to the origin and development of the 
tartures, and much of the curreat opinion on the subject ia 
uncertain, and must bo received with caution. In these 
circiimstanci^, in order both to fkcilitate the expositinu, &nd 
U> explain to the reader more fully the groundwork of the 
doctrines in question, we shall begin with a diort account of 
the development of the tiuneH of vegetables ; for it was in 
consequence of the dL'WOTeriea made in the vegetable king- 
a that Uie hapjiy idea arose of applying the principle of 
r develoxnnent to espliuu the formation of n"'*""! 

factum, and they still afford important aid in the atudy 
fhat, aa yet, more obscure process. 
Whei 



Fig. i". 



i 'When a thin elicc from the succulent part of a 
TWiTBd nndor the micro- 
scope, it is seen to consist 
chiefly or entirely of a mul- 
titude of minute vesicles ' 
adhrring together, of a 
ronndcd or angular form, 
and containing various co- 
loured or colourle^ matters 
in their interior ; the^ are 
th« elementary cells (fig. 1 ' ; 
6g. t, ' "). These cells 
are so constructed that 
their walls are in close appositiou. 




* Kndeueil cell* from a bolboiia i 
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only hy ati inter- cellular subatanoe, which, aocordiag to 
Hugo vou Mohl,* has bo great a Bimilarity to the siib- 
staiLce of the ceU-iraUn that it is impossible, even with 
Primordial {he aid of chemical re-agenta, to discover a line of de- 
MohL marcution between them. That eminent phytologist sup- 

poses that within what ia commonly called ths cell-waU 
there exists an extremely dehcate menihrBne, constituting 
as interior veaicle, which he names the "Primordial 
utricle." This is in mort cases so closely applied to the 
exterior wall as to be undiatiugiiiBhable ; but in yonng ceHg, 
and in those of strictly cellular pUiits, kucL as the Algie, 
Ac., during the whole of their eiiateuce, it may be sepBiated 
by treating the tissue with alcohol, or hydrochloric or 
nitric acid, and then the interior vesicle appears shrivelled 
up and separated from the wall of the cavity. If this view 
he correct, the cells, as usually recognised, might be regarded 
aa lacunie in the intei^ cellular substance, and the inclosed 
primordial utricles as the real cells. But the reahty of the 
alleged primordial utricle hne recently been called in question, 
and the supposed internal membrane is held to be merely 
the limiting surface of the cell-contents shrunk away from 
the inside of the containing cavity, and perhaps somewhat 
consolidated and defined by the re-agenta employed. Still, 
whether the cell-contents have a vesicular limiting membrane 
or not, they originally present a marked contrast in chemical 
nature to the cont^ning cell-wall and inter-cellular sub- 
stance, aud would appear to fulfil a diiferent purpose in the 
procesB of tiaaue-developmentt 

Besides such cells, phrenogamous or flowering plants 
contain tubes, Tosisels, and otlier forms of tissue (fig. 2',' ^ ; 
but a great many plants of tho class cryptogomia are com- 
posed entirely of cells, variously modified, it is true, to suit 
their several destinations, bat fundamentally the same 
throughout : nay, there are certain very simple modes of 
T^etable existence, in which a single cell may constitute 
an entire plant, as in tho well-known green iiowde:y cnist 
which ooats over the trunks of trees, damp walls, and other 
moist surfaces. In this Itist case, a simple detached cell 
exercises the functions of an entire independent organism, 
imbibing and elaborating extraneous matter, extending 



* Die logetabilisclio Zelle ; oc English translatian bj Prof. Hea&ef. 
t Se« an tntereaUng iliKussiaa of this nabject bj Mr. fiuile; in 
tho British anil Furergn Uudieil RevUv Ibr 1853. 
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If by the process of growth, imd continuing its species by 
Mrating other cells of the mme kind. Even in the 
^gregiit4Ml Bt&te in which the cells exist in vegetables of a 
higher urdor, each cell atill, to a certAin extent, exerdsea 
ltd ftutetions as a distinct iudiviiluol ; but it is aaw subject 
to conditions arising from ita connoction with the other 
puts of the plant to which it belongs, and is made to act in 
faamutny with the other cells with which it U associated, in 
niini?teriu£ to the ncci.'seitios of the greater organism of 
which they are joint members. These elementary puts are 
therefore not simply congregated into a mass, but combined 
to produce a regularly organised atruoturo ; just as men in 
L anny ara not gathered promiscuously, ad in a mere 
rwd, but are regularly combined for a joint object, and 
> to work in concert for tbe attainment of it - living 
i acting as individuals, but Bubjcct to mutual and general 

■ I 
w the varied forms of tissue found in the higher orders Ti 
nta do not exist in them from the be^ning ; they ^ 

t derired from coUs. The embryo plant, like the em- « 
is in its early stages entiroly formed of cells, 

I these of a very simple and unifonn character ; and it is 

' ft tmuformation of some of these cells in the further 
S of development that the other tissues, aa well as 
eral varieties of cellular tissue itself, are produced. 

M principal modes, as far as yet known, in which vegetable 

■ are changed, are the following. 

■ The cells may increase in aige ; simply, or along with 
e of the other changes to be immediately described. 
. They altor in shape. Cellshave originally a spheroidal 

tonudcd figure ; and when in the progress of growth they 
e equally, or nearly so, in every direction, anil meet 
) obstacle, they retain their rounded form. When 
filh other eells extending themselves in like 
iner, they acquire a polyhedral figure (fig. 2',") by 
1 pressure of their sides. When tbe growth takes 
] more iu one direction than in another, they become 
r they elonguie and acquire a prismatic, fusiform, 
Etnbular shape (fig. 2*, ' "'). Sometimes, as in the 
mon rush, they assume a starlike figure, sending out 
Sating branches, which meet the points of similar rays 
a ttdjacent cells (fig. 3'.) 

The cells coalesce with adjoining cells, and open into 
In this way a series of elongated cells placed end to 
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end. may opeu into one anather by absorptioii of tluar 
cohcriEg mcmbnuiefl, and give me to a tubular vesed. 




Fig. 3,'+ 




4. ChangeB take place iu the Bubatance and in the con- 
I tenia of the cellB. These changes may be chemical, as in 
the convemou of atarch into giun, 
sugar, and jelly, imd in the produc- 
tion of varioos coloured matten, 
essential oils, and the like. Or they 
niay affect the form and nrrangement 
of the contained substances ; thus, 
the contents of the cell veiy fire- 
(luontiy assume the form of granoleA, 
or sphenileB, of various sizes ; at other tines the contained 
matter, suffering at the aame time a, change iu its chemical 
Kature and in conuKtency, is deposited on the inner surfaoe 
of the cell-wall, so as to thicken and strengthen it. Such 
" secondary deposits," as they are termed by botanists, 
usually occur in succeraive strata, and the deposition may 

go on till the cavity of the cell is nearly 

ir completely filled up (fig. 4'). It is in 
his way that the woody fibre and other 
I hard tissues of the plant are formed. It 
further appears that the porticlvii of each 
layer are disposed in lines, running spirally 
round the cell. In place of forming a 
eontinuouB layer, these secondary deposits may leave little 



1 ti loDgilutUnal lecUon of tlis leaf-italk < 



* Toitnrei s 
flowering pllDt. 
+ StdUtc vegctoUo oeUs. 
i Otms ««tioi] of llgbeons eells eontaiiiing stnUfied deposit. 
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a of the cell-wftll nncovered, or leas thickly covereit, anil 
i give rise to what is Domed pitted tissue (fig. 2',") ; or 
they may aasurao thu form of a slender fibre or bouid, single, 
double, or multiple, nuining iu a. npinil manner along the 
inside of the cavity, or forming a series of separate rings or 
hoops, as in spiral and annular Tessels (fig. 2','). New . 

matter may b« absorbed or imbibed into the cells ; or a 
portion of their altered and elaborated contents may escape 
M a sacretion, either by transudation through the cell-wall, 
or by rupture or nbKorption of the membrane. Lastly, in 
certain circunutonceB, ceUs may be wboUy or partially 
removed by absorption of their aubstance. 

5. Cells may produce or generate new cells. The mode Produc 

n which this takes place will be immediately considerBd, "''"''' 

b speaking of the origin of nuimal cells. 

FORMATION OF THE ANIMAL TEXTURES. 
Faasing now to tho development of the animal tissues, it Rstcm- 
it be remarked generally, that in some instances tie J'^™ ' 
» exhibits an obvious analogy with that which takes In uiim 
n T^etables ; certain of the animal tissues, in their tablii^'!* 
* ounditions, appearing in form of a congeries of 
, almost entirely reaembling the vegetable cells, and, 
'. their subsequent transformations, passing through a 
' * of changes in many respects parallel to some of those 

b occur in the progress 
T^ietable develoiiment. pi^^ 5-_. 

affords a good 
mple of this. Figures 
Fftnd 6', A, are magnifieil 
Entations of cartilage 
■ its early condition ; and 
oompares thein 
e appearance of 
table cells, shown ! 
fignres 1' and 3*, must at 
Mice be struck with the 
TCMmblBiice. Fig- 6', b 
and c, shows thu subsequent 

changM on the primary colls of cartilage ; the parieten 
are seen to have become thickened by deposit of fi^esh 
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m&teiiul, tlie BpEices within the cells are conseiiueaUj' 
diminiBbed, while the masa between the cavities is increaaed. 
Now this chwigo seen to occur in the cartilago aella, though 
there maj be a qtti^tion as to the precii<e mode in wbiah it 
is brought iibout, may very fairly be compared with the 
thickening of the sides of the vegetable cells, which takes 

Fig. 6'.' 




place wben they are converted into the woody and other 
hard tissueii. Again, in most cartilsgea the cells increase in 
number aa tbcy diminiah in eits, new ones being formed 
within the old, iis liappeus in many vegetable Btnictiire3.t 

The instance now given, and others to the same effect, 
which will be mentioned oa we proceed, tend to show the 
fundamental resemblance of the procosa of teitural develop- 
ment in the two kingdoms ; bnt, when we come to inquire 
into the voriouH modiScations which that process exhibits in 
the formation of particular textures, we encounter serioua 
difficulties. The phenomena ate sometimos difficult to 
observe, and, when recognisoil, they ore perhaps susceptible 
of more tbnn one interpretation ; hence have arisen oon- 
flioting statements of fact, and differences of opinion, at 
present trrecoiicileable, which future inquiry alone oan 
rectify, and which in the mean time offer serious obstacles 
to an attempt at generalisation. In what follows, nothing 
more is intended tlian to bring together, under a few heads, 
the more general forts as yet made known respecting the 
formation of the animal textures, in so far ns this may be 
done vithout too much anticipating details, which con only 



(Scl,»anri). 

f Kemak nnd Leidy affina that the corposcle of cmiilnge ooire- 
sponds Titb tbe priiDDnlUI ntncle of vegetnble tissnn ; the uhondtia- 
aubstance being hnianlugoua with the Tegetahla cell-will and inter- 
cellular tinane. This yiew a sdopled bj Mr. Hnile.T, in tbs rsiier to 
vhicb ref^rcnM iwa alread]' been made. 
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be snitablj and mtcUigibly ^ven in the special history of 
eacli t«xture. 

Stmeture of Celtx. — A cell, before it has undei^one altera- coUs 
tion, is a round or oval vssicle, fanned of tliin, tnuisparent, ^'"'^ 
bomogoneoii-V flexible membrane ; raiyiog considerably in 
aizB, bat never poasing beyond tbe dimensions of a micro- 
soopic object. It contaioa in its int«rior a fluid or more 
consistent nutter, pellucid or opaque, and in the latter case 
generally granular. In the greater number of cells there Ls 
aiao to be RBun, at some period of their exist«nce, a smallei 
body, calleil the " nucleus," which, as will aftenrards appew, 
porfonmi an important part in their economy. Scbleidon 
attnbutcd to it the foncldon of produ^g the cell, 
and accordingly named it the "cytobkst," an appellation 
synonymous with " cell^enn, " In the nucleus are com- 
monly to be seen one or two, rarely more, minute eccentric 
spots ; these arc the DUcleoU. 

The nucleus (fig. 1', ') is of a roimd or oval shape, and xuci 
wore constant in size than the cell Itself : its average dia- 
mBteir in animal cells a from j^fjth to jQ' u- , th of an inch ; 
its aspect is usually granular and dark, often with a yellowish 
hue, but sometimas quite homogeneous, trauspurent, and 
coloorlees. In some cases it appears to be solid throughout, 
being then made up of fine molecular matter, or consuting 
of a cluster of large grauulea : in other instances, especially 
in animal cells, its mo^ appears to be hollow, or at least less 
conmstent in the centre ; or it may present itaelf as a perfect 
vesicle, inclodng matteis of very variable nature. It seems 
jHubable, also, that the laige granules, of which some nuclei 
kppear to be made up, are in reality vesicles, containing 
peculiar matters in their interior. 

The nucleolus (fig. 1',' ) is a round, sharply defined, Nui; 
generally dark, &t^like granule, probably vesicular nt an 
early period. Of its real nature littlu is known ; it has even 
been questioned whether the little spots termed nucleoli are 
actually oorpusclea or vomcles inclosed in the nucleus, ur 
merely minute cavities in its substance. Schleiden, how' 
ever, states, that, in crushing the nucleus of vegetable cells, 
lia has seen the nncleolua remain entire, and in such cases, 

■ oonne, it must have been a distinct body. In many 
|a iho nucleus presents no appearance of a nucleolus. 
Tha nucleus may sometimea perhaps lie &ee in the cavity siiu 
(he cell ; but more commonly it is attached to the inside '"^' 
of the cell-wall. 
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It very generally happeus, that, when cells are i 
the aetioD of certain chemical agents, llieii 
are differently acted un. Thus, in many cases, acetio'. ^ 
speedily dissolvefl the granular or coloured contents of 13m 
cell, leaving tlie nucleus entire, and rendering it more 
Kharplj defined and more conapicuous ; and the cell-mem- 
hrane itself niay be sometimes dissolved by the Mime agent, 
and the nucleus liberated. But, notwithstanding this Hid 
other aids to investigation, it is not always possible to say 
-whether a given corpuacle ts to be reckoned oa a cell, or aa a 
vesicolar nucleus. 

Cells are often seen without nuclei ; in vegetable ceUular 
tissues, indeed, this is the general rule : but, doubtless, in 
most of these iustauceE nuclei have at one time been present, 
and have suhsoquently disappeared. Cells occur, however, 
both in animal and vegetable structures, in which nuclei 
have never at auy time been discovered. 

It is further to be observed that the animal cell is by 
soma physiologists considered to be homologous, not with 
the vegetable cell commonly so called, but with the primor- 
dial utricle supposed to be contained within it. 

Origin and MuUiplicafhn of Cdls, — The soft or liquid 
organisable matter out of which cells are immediately pro- 
duced, is named "blastema," or " cytoblostema." Thii 
BubBtauce may be contained in cells ; it may be lodged in 
their interstices, or in the meshes of a tissue ; or it may be 
deposited on the surface of parts. When the circulatum of 
the blood is once established iu the animal system, the clear 
port of that fluid, "the plasma," or "liquor sangnitiia," u 
it is called, may be regarded as a generally diSusod blasteaw, 
or at least as a general source whence the organisable mate- 
rial or blastema is clerived. There is reason to believe that 
nav cells may arise iu any of those situations in which the 
blastema is found ; that is to say, they may be formed 
withiii previously existing or parent cells, or in the intersti- 
tial and free blasteinn. The included or " endogenons " 
mode of origin is the univerHal, or at least the most general 
in the vegetable kingdom ; it occurs also very commonly in 
the nnimitl body, as in the ovum, in cartilage, and in some 
other structures. Schwann maintained that in animals the 
free or interstitial mode of origin waa the more common, but 
this opinion has not been generally adopted by subsequent 
observers. 

FormtUitm of CelU. — As to the process by which c 
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are formed, it appeiird, frum the statements of cumpeleDt 
obaareiB, th»t it may tiiLe place in more ways than one ; 
pnd it must be coufessed tb&t, for the present at leant, 
; aererol modes of productiou of cells c&uuot with 
inty be referred to (mo oonimon principle. 
Am cells are formeil in mimy iustjuices uruund or upon Origin or 
prerionsiy j'TJating nuclei, we have first to inquire how the '"'™™"- 
nucleug itself originates ; and here we meet with a difference 
of opiniuu. Schleiden .ind Schwann conceive that elemen- 
Ury granules first appear in the blastema ; that then, round 
one ur aometimeg more of them, serving as nucleoli, freah 
matt«r ia aggregSited, and the resulting little mass, becoming 
defined on the auriace, constitutes the nncleus (fig. 7',' - *). 
Schwann compares the process to that of crystallisation, and 
ascribes the chief differences between the two phenouioua 
to the circumstance, that the permeable organic substance of 
the cell admits of incieaae, not only by external apposition 
of new particloa, but l>y the iutus-susception of new matter 
between the particles already deposited ; whereas a crystal 
can grow only in the former way.* HeuJe suggests a (liffe< 
rent view as to the formation of the nucleus, and brings 
forward arguments to show that it is formed independently 
of a nncleoluB. Ho Hupposes that elementary granules of DomniUr 
a discoid figure and from | a ji rnj^ '^ BTiW**' °^ ^'^ ""^^ "' ^™""'™' 
diameter, fint appear in the blastema ; that two, three, or 
four of these group together to form a Little clump ; that 
thrar union is at first imperfect, and may continue »o even 
some time after the cell is somewhat advanced in. formation ; 
but that they nlliinately become completely blended into a 
single mass, — the nucleus. It is well known that in many 
cells, Buoh aa the corpuscles of lymph, mucus, and pus, the 
DudeuB, when acted on by weak acetic acid, appeals divided, 
cither compli^cly or partially, into two or three segments. 
And these Honle conceived to be its constituent grannies, as 
yet imperfectly united. 

RererthdeB^ he does not denj that ■ niuleiu ma; bo formed by the 
aggnptioD of matter rgimd a SDi^te elemoitar)' gnumle, and locb a 
made uf formatum difen from that prgeeediug from a nndeolos, as 

* Vlmterer Dptoioa msj be entertjuaed. u to the ioimdA«^ of this 
and cither iptcnlatiTe views of Scbvano nspectmg the namomj of 
cells, then on be no quattioa that his diseuaaoa of them is highly 
iDctncti*c ; it *ill be foaud in hii admirable eipoaitioa of the whale 
_ nlgect of the ceilnlar origin of the animal tinuea. (MiciMcopiache 
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dsseribed by Schleideu, only m the inUrprstiitioD nf the ptlellameIII^ 
not in tho &iita obaerrad. Indeed, it ia not euy to Btie hov, ia koj 
048«p a diiitincUoa ia to be mode between the *' elemen^iy grannteB" 
of a nncleoB, cspeciall; vben thej liaie not eoaleKCd, tuid Echleidai'i 
nui^leoli. It is clear, ulao, that the nuctena rontume, besides the 
gnkDolca, aome other matter ichicfa Batrounda them and binds then 
together, And whteh is softened or diaaolved bj ocetia add. Kespecting 
these elementary gntDules, Henle further Btatea, thtit "tbeypreoenl 
thomBelTea wherever new formatiuns are about to take pUce." He 
aappoaes tliat thej arc, for the moat part, minute vosiclea filled with 
fat, but that in farming a nnolcus their t^emiml nature ia changed, 
tho nucleus soqniring the chutaolers of a protein compound. Laatty. 
he thinks it prubable that tliese veaioular bodies ue originalty merely 
minute particles of oil which acquire a veaiculai en* elope of albnmuioid 
matter, cu the phyaieal principle p<^ted out by AachcrBoo, vii. thit 
globules of oil when broaght into contact with liqnid olbnmen, or ■onu 
similar sulistanco with whioti oil doeu not mix, become insl*utlj sur- 
rounded with n coherent £lm or costJQK of that aubetanee, aud Uai 
acquire a veaicolar charsctor. 

A nucleus, however it may have originated, may ^n 
rise to new nuclei by its aubdiviaioii. 

1. Formation of a cell on a nucleus. — Schwann r^ard* 

' the formation of a coll and the formation of a nucleus m a 

repetition of the sumo procesa ; n deposit biiving taken plaoa 

.vtrnnd the nucleolus to form the nucleus, the membrane of 

the cell is formed on the iudace of the latter, at first oloaely 

muTouuding it, but soon ije^taratiiig at one aide, and gently 

riaing up like a watch-glass on a watch (fig, "!','). The cell* 

wall, continuing to extend, soon becomes much lai^er than 

the nucleus, which at last is left at some point of the dr- 

cuaiference of the cell imbedded in the substance of the 

membrane, where it may either remain, or be removed by 

liquefaction or absorption (fig. T, ' ')■ This is the prooeaa, 

as it has been traced in 

Pig. 7'.i vegetables by Schleiden, 

who was the fintt to dis- 

^ - r. /■^ /~^\ cover tho important part 

I 1 " W %y i J performed by the nudeut, 

' K or "cytoblaat," as he 

accordingly named it 

Schwann conceives that animal cells usually originate from 

nuclei or cytoblasts, in like manner. A layer of matter is 

dopoaited and condensed on the surface of the nucleus ; it 

then rises in form of a film or membrane, and separate* to a 

1 nucleus, and of a cell on the 
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gT«ta or Um extent from the nucleus, whicb remaiua adhe- 
nnt to ita inner Roiface, or assumes a more central positioa. 
The cell-membrane becomes finaer and usually thicker us it 
«xieade ; ite expansion being accompanied by actual groirth 
and increaae of mibstaiice, and not being simply the result of 
mechanical distenaiou by the fluid which accumulates in its 

Once the cell-vall is formed, the nucleus may remain 
without further change ; or it may continue to grow Isjger, 
but always less rapidly thau the envelope ; or it may dis- 
appear altogether, aa already stated : indeed tbix is the 
general rule with vegetable cells. Other changes which it 
undergoes will be aftiimards mentioned. 

2. The above process may be modified by the aggregation 
of gnnular or other matter round the nucleus before the 
fonuation of the cell-wall. Aa example of this is nfforded 
in the formation of the ovum, in which the nucleus (tjermiiml 
vaide) becomes surrounded with a certain amount of granuliu 
7oU:-BQbst«nco before the inclosing cell-wall (rilcllary mem- 
hranr) appeals. The formation of cells within the tubular 
glanda of the ttomach is adduced as another instance. 

Both the above-deacribed modes of fonuation, 1 and 2, 
may occur either &ee or within pre-existing cutis. The 
requires separate expoiution, and is considered in 
next following paragrapha. 
S- Endogenous formation of ceUa round multiplied nudei 
k pi«-«xisting cell 

Divition of Nacicua. — The most frequent mode of endo- inntWM a! 
gcnons cell-formation is to bo referred to this head. J^J^ ^ 
The first thing usually observed is a metamorphosis of the ducIoui. 
nudens ; it becomes elongated, acquires two nncleoh, and 
anbaequently divides into two. He nuclei then divaricate, 
aud a wall of sepaixtion arises, which divides the parent 
oell into two distinct spaces, each of which contains a single 
^Helens, and oue half of the contents ; or each nucleus with 
of the cetl-contenta becomes surrounded by a 
cdl-wall. 
KiiUiker states that wherever clear observation can be 
ivision and divarication of the nucleoli always 
the division of the nuclei. The formation of 
or (laughter-cells mAy procceil to a considerable 
it within ^e parent-cells i the latter either remain or 
ooalesce with the interceUular matrix, and cease to 
aa histologically distinct stmctures. 
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Caiia formc.l The carious pheQomenoD of furrowing, or rather cleaving, 

ofihTydlE of the yolk, now kaowu to occur in the ova of many am- 

mak OB ouo of the enrliest eficcta of fecundation, ia oon- 

uected with the production of cells round uuclei previoiuly 

itLTolved is granular cell-contonts. 

The following is an outline of that process, as ohserred hj 
£d11iker in the ova of certain parasitic wonna, in whidi it 
presents itself in its leaat complex furm, and can be traced 
with compnratiTe eane. 

Before impregnation, there is seen, ss nsual, within the 
ovtun in the midst of the yolk the Tesicnlar body named the 
" germinal vesicle ;" this contains a emaller masa witliiD it, 
" the macula germiiiatiTa," and has therefore the aapeot of a 
nucleolated nucleuK. After thu ovum has been fertilised, th« 
germinal vesicle disappears, or becomes chauged, and in it* 
place there artnes in the midst of the yolk, around a new 
nucleolus, a new nucleus, the primary nucleus of the embryo. 
(This has hoen termed the first " ombiyonic cell.") At the 
same time the mass of the yolk appears to shrink, as if its 
grannies had become more densely congregated round the 
central nucleus. This first Duclmis gives place to two othen ; 
then the yolk divides into two halves, and each half incloeea 
one of the first pair of nuclei in its centre (fig. 8', a). The 
first two nuclei are succeeded by twice aa many new ones, 




and the two masses of yolk are subdivided into four, eaA 
now yolk-Bogmont inclosing a nucleus in its centre, aa before 
(fig. 8', b). The central nuclei and the inclosing segments 
of the yolk are again doubled so as to fomi eight, and this 
duplication of the nuclei and concomitant cleaving of the 
yolk are continued till the masses are greatly increased in 
number and reduced in size (c, p, G) ; each of them becoming 

* CtetTiug of tliD yolk aTtut fscnodatimi.— ^ a, c, (from Ealliber,) 
I'vum of Ascaris nigroveiiawi ) d siid i, tbit of Aiciria scnmiiutB 
(from B«gge), 
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at a certain sUgv of the prooesa nurrouudod by membrane, 
and thus forming n, cell, containing its nucleus, with more or 
less of the matter of the yolk in different inBtances. Their 
fortlier changes and ultimate dt'stination It is unnecesaury 
here to pursue. 

Wlule it is sdinitled tbat the Mginenta of tlia jolk eTentiuUy beeonie 

uKloaed bj membnuics imil Aarm Irae «lla, it has besD queslioued 

vhetber its earlier oad Lu^er BobdiTinong sie rrolly muretuideil by an 

oiTelinntig mrmbrane. Acknowlcd^ng the difficult; of the qucetioii, 

;Zdu>ald Berertbelesa lie difpoMd, from irlut I hare Men in the onun 

avani, to answer it in ^o affinnatire, u regards that iimtance 

(. As la the mode of mnltiiilication of the incJaded aarlei, Te 

_B bardlj doubt that each pair of jOBDg nuclei are formed vithin the 

naadeni immeiiiately prece^g, bjr anbdirision of iU nuGleoltu. The 

dnplicatdoD of the nucteoa protiably takes place before the dirision of 

ita including yolk-mau (e« loveet segment of b), and is a neceuar; 

condition of it. Ai to the mcchoniem of the latter proceai, it hai been 

loamuned that the nuclei eierdse a aort of attraction on Uie anbrtanee 

H^af Uie jidk, tmnaing it to gather roaad them as so man; separate eentrei. 

^Lj|Bw ■hritiking of tlie gcanutar moai, alreadj noticed, apparently from 

^Hbs more idote aggregatioa of ita graiinleB mnnd the centra) cell, la in 

^nlKnoaj with this aupposltion, bat there are reaionB fur donbting 

I ita oomcfaMSk I may remark that in the ova of the asCBria nigro' 

TsnoBi, and ue. acominata, the granolea of the yolk exhibit very 

lireiy molecular moremenU. On one occaaian. when one of the large 

Kgmenta, into which the yolk is £rat cleft, divided itself into two 

portiona vhile aetoally uniler inspection, I first ohsened a TerjobriolU 

ong the Brauulea throughout the whole mass ; then 

a GonatrietJon at the cirenrnfcrence, which, proceeding inwarda, 

B mnpleted the dirieion ; bat all this time tJie central cells were 

n by the enreloping granular matter. 

n above describeii, in eome animala, nffeela only a part of 

n jalk ; while ia olheia, again, it has not been discovered. 

sell may nrise without the previous formation of a Ori^ in. 
Bchwann describes such cells as occurring within ^^^J"' 
he " chorda dorsalis " (a transitory carti- 
laginouB stmcture) of the tidpole and fish. He states that 
they commence lut mnall spherules, which either from the 
be^nning are, or subsequently become, hollow, and expand 
into cells. Vogt maintains that they afterwards acquire 
nuclei, but his description is ambiguous. Other examples 
are given of a cell commencing as a small granule or spherule, 
and aubsequently acquiring ti tinuleus. 

Another mode in which a cell is aaid to i:ie formed with- 
out a iiuclous, is by the agglomeration of granular matter 
into A considerable mass, which becomes surrounded by a 
mbrane ; there rcenlts a cell filled with granular contents, 
fiX without a proper nucleus. The large granulated 
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corpnacles witich have been described as somotimea occiiniiig 
iu inflummatory exndatioua, nnd in Tarioua morbid growtlu^ 
uiidcr the name of " compound infltimmation globules," are 
Hoid to be eiumples of this (Heule). The Hpomles nf 
certain algte are also deBcribed as being formed in the 
same waj. 
Fiswpi""" 5. There is another mode in which celk are multiplied, 
tiDn. viz. from the divlHiim of those previouslj exiating, uid 

which has accordingly been called Jissipurous. A molti- 
plicatioa of cells by diviaion has beon observed in the 
blood- corpuBclcH of embryos by Rcmak, and Eollikur thinks 
that it takes place in the chyle corpuscles of adult mim^ 
malin. The following is Kollikcr's account of the proceai : 
"we see in elougatiig cells the production of two naclei 
from the originally simple nucleus, apparently by dtviuon; 
the cells then suffer constriction iu the middle, and ooutiact 
more and more around the nuclei as they recede from each 
other, and at last sei>arato into two cellw, each of which con- 
tains a nucleuH."" 

Orijflnql Seeing the BUCcessiTG generadoDH of eeUa fthii'h proceed front a 

""""T "h ""E'* ""^ i" the oium, and the proimgation of cella in a similar nummr 
tFHioiat TO „,]jj|.^ JQ jg^gy oiccunigtanceB occun aA ufter-periiids, pbyaiulogiets have 
been natDnllf led to look to the gormiaiil veBicIe of the uvnm for tLe 
origiual BDum b) which all ■ucoecding cell-gcrma in the eoonmny 
might be traced hack ; and, as that Ttsicle ia iUelf deiived from the 
parent organism, the; Lbto cuDceiied that a pccaliai gflmuii*tiTe 
matter, probably ooDStilaljDg the BobHtaace uf the geruiuml flpot, is 
handod doKn from parent tc o&apring, and, receiring an imiiidse h; 
fecundation, begins in the orum the series of nseiuulstive and repio- 
duetire actioLS which is sftiirwanls coatinaed throughout life. Dr. 
Iir. BatTy'f Baity hu given a formal theory of the origin and mnltiplicatian (J 
thenrj', eeUe, in which be represents the genninatiTe matter aa a peculiar 
pellDcid BDhstaace, and proposes to call it "hyaline." Ho conceifed 
that this BubBlance ia derived &om tho genninal spot of the oTom, and, 
af(«r fecnndation by the male, acquii«a remarkable jiropertiea, among 
others, that of iDoreanng by the astdmUatioa of new matter, aud that 
ct propagating itself by diviaion ; and he suppoaed that the globnlw 
into which it dividoA form bo many gcmu of new cells : accci^iog to 
him, Iherefore, the eelt-gorm ia a globnle of hyaline. He was farther 
of opinion, that many cells which have bnt a traaeitory eiisUaee, an 
intended for no other purpose than to reproduce the hyaline : sne- 
ctBilTB generations of tjiein being Bometimea cmpJojed in elaborating 
this aabilance: 



' Manual of Histology, p, 2S. 
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instances, a great difference not only in the nature and 
extent of the change which the cells undergo, but also in the 
condition which these bodies have attained when the process 
of change commences. In some cases they have already 
acquired a distinct cell-wall and cavity ; but in others they 
never attain the condition of cells, strictly so called, and the 
process of transformation begins whilst they may be said to 
be but in a nascent state. Indeed, in the development 
of certain textures, as will afterwards be explained, the 
preliminary process of cell-formation, if in the circum- 
stances we may properly use such a term, goes no farther 
than the production of nuclei, and the blastema sur- 
rounding or lying between the nuclei, which themselves 
undergo transformation, is at once converted into the 
elements of the tissue. The following are the principal 
modes in which cells or their elements are metamorphosed ; 
it being understood that two or more of the processes, here 
to be mentioned, may occur in the same cell, and that the 
nucleus also imdergoes changes which wiU subsequently be 
explained. 

1. Increase in size, and change of figure. — ^A cell may Enlarge- 
increase equally, or nearly so, in all its dimensions, in which 2iou o^'*'^ 
case it preserves its globular shape ; but more commonly the shape, 
growth is greater in certain dimensions, and then the figure 
becomes depressed and discoid, or elongated and oval, fusi- 
form, or strap-shaped. When growing cells meet one another, 
they generally acquire an angular or polyhedral figure ; and 
this may be combined with elongation into the prismatic, or 
flattening into the 

tabular form, as Fig. 9'.* 

exemplified in the 
columnar and scaly 
varieties of epithe- 
lium. All these 
changes correspond 
with similar trans- X^ 
formations already 1 
spoken of, which \ 
occur in vegetable 
cells. A more 
remarkable change of figure 







occurs in those instances 



* Pigment odk from the tail of the Tadpole, magnified about two 
huDdred and twwty-ftTe diameters (Behwaui). 
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where a cell shcMrts out into branches at variouB points of 
its circnmference, as happens with certain varieties of pig- 
ment cells (fig. 9) ; and this, too, may be not unaptlj 
oomp&red to the ramified or radiating cells found in the rush 
and some other plants (fig. 3"). 

2. Alteration of snbstanoe and of contents. — While the 
'° above described changea of figure are going on, the cell-waU 
Dsuallj acquires increased density and strength ; and in a 
flattened cell, when much extended, the opposite sides 
cohere so la to obliterate its cavity. The substance of 
oelhi may also be changed in its chemical nature, aa in the 
iuatance of the cuticle, where the cells, while deep-seated, 
and recently formed, are soluble in acetic acid, but, as 
they advance to the surface, lose this property and acquire 
a corneous character. 

Granular matter contained within ceUs may be dissolved 
and consumed whilst the cell oitends itself, aa happens 
in the bird's egg when granular cells join to form the 
early rudiments of the embryo. On the other liand, new 
matters may appear, as fat and pigment within the adipose 
and pigmentoua cells, and the peculiar coustitueuts of 
certain socretions in the cells of secreting organs : ill which 
last case the cells may eventually burst, and discharge their 
contanta. 

An important cell-metamorphosis, in regard both of 
structure and chemical relation, is that presented by the 
bodies termed "amyloid," or "corpora amylacea." Thew 
are to be found in the fibrous substance of the cerebrum 
and oereliellum, in the pineal body, the choroid plexus, 
pia mater, nerves of special sense, in cholesterine masses, 
Ac, and are much more widely distributed thau was at first 
supposed, although their nature ia aa yet but imperfectly 
understood. 



If DDO lit these little gmtDS in gently preasett, with the additjan of 
water, or of liqaor potnaan!, spberoidBl cnrpascleB project from it, and 
become datAched. Eaoh corpascle appeara mode up of concentric 
lamintn, surronDding a Duclaar point, nhicli mn; be centric or 
ecceatrio j >ad besides tha couceDtric nmrkiugii there ore radia^g 

With ragord to the chemical canatitution of these bodies there is ■ 
difference of opinion ; aomo obacrrera maintain that thej Conaist of 
phosphata and carbonates of lime, and of phosphate of anunoma and 
luagneaia ; with a nitrogenoua organic haaio, apparently albnmiuoui : 
while othera assert the preaence of a snbstance which, with icdine and 
snlpliorie add, gives the ccactiona of cellulose. 
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F It is qantionable wh«Uier these bodiu originate frvu a metamor- OcielQ- 

■ of celli, or of their uuelei, or whetbar, u Heule ooiifidstitly 
■mniu, thej are deriTcd bom ■ modifioition of bt Doalaiaed iii 
^rmnnl&r oelii. * 

As in plants, too, the new sabstance may be m deposited Thkkani 
§ to Migment tlie thickness and itrength of the cell-wall, of °''^*''~"' 
b An example occurs in the thickening of the aides and 
ing of the cavitj of cortiluge-cellB bj lasers of new 
tuttcr on their internal siirface. Acoordiag to Heule, Iho 
depoMt Bometiinea occurs ou the outer surface of the cell- 
wall Or the process nrnj oasumo still mure of a pluatifl and 
oi^anizing cluunct«r, as in the endogenous production of 
joung ohIU, already described, and the formation of the 
spontaneously moving bodies named spermatoioa or apormntio 
animalcules, which, in plants, as wl-U as in animals, are 
produced in the cavity of a. cell. 

^PThaw plaitic chsiigeB urc equally unexplained with tha other alien- Cvu> « 
HpHU uf Ibnn and atmctnre ntiich accompanr the produotioD and tb(« 
^^Stuaorphsm of cells. As regBrds the changes in the quuttit; ud ■=''»>«■ 
cbemiail nature of the contained matter, it maj be remarked, that the 
iutroddRtiiia of new matter into a cell ig so far ■ phenomenon of imbi- 
liittm, and, w sach, most be to ■ certain extent dependuat on the 
emlamiotia efieet produrad bj the subnancc alreadj vithln the cell, 
luiil no tbe companitiTe fecilltj with which the mitter 1o be introduced 
in imbibnl and tranimitCed b; tbe permeable cell-wall. Some lub- 
staacni, moreoTCT, being mare readil; imbibed than other) of a diSt:rent 
lutare, tbo qnalily u well u the quantity of tbe imbibed material will 
be eo fikr determined by the same circnmstaaces. But, while an 
alteration in the contents of a oell may be thus brought about by the 
imbibition of one kind of matter in preference to another, the contuned 
substance may be also changed in iU qualitiea by a procean of couTeruon 
Isldne place within the cell, and thcro are two conceiTable ways in 
which this couTersiTe or '^metabolic" procera may posubty uocnr. I. 
Chemical ocUon may be mutually exerted in the ordinary way betweea 
(be matter origioallj contained in the cell and that eubeeqnently intro- 
duced into it. 2. The process mnj l>e referred to tie class of pheno- 
mena denominated by chenjisla "catalyljc" actions, or actions bj 
"coatoot," JD whid] a chemical change is iaduoed in a compound by 
tbe presence of another body, which, as br as appears, does not Itself 
■Meeraarily taflcr alteration, and it is conceiTcd that the cell-membrane 
or UBcIeos maj exert this species of influence on tha matters contiguous 

This seems also a fitting place to laention tbat the well-known Maremei 
tremuIuQs movement which so frequently affects minute particles of within on 
matter, is not unfrequently obserred in the molecular coatents of cells, 
and depends simply upon pbyucal condiljons. But in many vegetable 
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eella a. motion of ti iliSerent character, auil affecting Incger-^ied cor- 
pusclea, in seea. These corpasctes move iu a skady and rFEaLir 
iniuuiBr along tfae iando of the cell-wull, iind in a constant direetioii. 
This motion is nuned "rotation" by regetable ph jalolagists ; theChm 
and VoUiBiiem uflord bonUful and well-known examples of it,* 



Fig. 10'.+ 




increaeed iii mte and 
nltered in shape, gene- 
riiU J by elongation &Dd 
fiatteuing, appear to 
be rsBolved into fine 
Sbrtts. Schwann sup- 
potieil thiLt the bundles 
of fibrils wliicb con- 
stitute the chief pait 
of the areolar tissua 
were formed by a pro- 
cess of this kind. He 
describna the cells aa 
first eztiundtiig theiD- 
Eclves in two oppoaiie 
directions, into on 
elongated and usiuJlji 
I figure (fig. 10,' ', '), then dividing at the ex- 
tremitias into fibrila (fig. 10,' ') ; the diriaion at length 
reaching the middle part (fig. 10,' '), and extending through 
it, so as to convert the elongated cell into a bundle of parallel 
fibrils ; the nuclHUs persisting for a time, but at last dia- 
appearing. There are reasons, however, for doubting tJie 
correctness of Schwann's view. 

■ tiasne to quit* a difierent 
He udmits the oocuircnoe 
of BpLndte-bbaped cells, split or ramified st tbur euds, Inth in health; 
tioiiiea and in diteuswi growths, but bs thinks th^ do not give ori^ 
to the «hil« Bbrea of atvolnr tisane. Though iMlonrleN, the? Mem 
nllicd lo the ajslem of ramified pigment cell*. 

4. Changes iu the relation of cells to each other. 

u. Cells may remain isolated, as in the instance of the 

* It has recently been aDnonnced that dtia (which hod been long 
aoaght for) have at length been discovered as the cause of this motJoa. 
See Jonmal of Microacopic Soianm. 

+ Oella beooming developed into anoUr tJscne, according to Schwann. 
HagniAed four hondred and tHj diameten. 
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icles of blood, chyle, and lymph, mid those formed iii 
tiona. The firet-meutioiied corpuscles float 
freely in fluid, which may be looked on as a sort of liquid 

blliatcDUL 

b. Tbey may be united into a continuous tiatue, by means Cnhcriut: 
of * sufficiently consiatent intercellular substiincB ; their ""*" 
parietes reimuning distinct The epithelium and the cuticle 

with its Appendages, afford instances of this. 

c. The p«riete« of adjoiniog cells may be inseparably iiii-tidiiigD 
Ueuded with each other, or with the intercelluhir Bubatanci^. P"l«"» 
Cartilage is an example. 

d. The parietes of adjacent cells coalcnco at {Mtrticular Union or 
Into, and absorption taldng place, their cavitiea become y^'"''" 

hited. It is supposed that ramified cells may thus open 
'o one another, and Schwann conceiTes that the networks 
jf caqnllary veraela originate in this way. lu other instances 
i coalescing cells are placed in a longitudinal series, and 
a form a continuous tube, as happens in tho 
1 ttMuea of vegetables. In certain cases, the tube 
med by united cells becomes the receptacle of new and 
r matter, which is deposited in it by an ulterior 
I of organixation ; thus, according to Schwann, in 
1 of muscular and nervous tissue, n tube is 
tat produced by the coalescence of a series of cells, and 
' ' 'n ihla the muscular fibrillin are formed in the one case, 

i the peculiar matter of the nervous fibre in the other. 
' t. We may here also include the process by whicli Heule Complex 
» what he calls a " complex fibre," or " complex fasci- '^"'''"''■ 
■dns," to be formed. Cells placed in a tow are supposed 
P coalesce into a sort of axis ; round this axis fibres are laid 
, which are themselves derived from elongated or other- 
e altered cells ; and ontaide of all is formed an inclosing 
duath. He supposes that nervous fibres and the fibres 
(pmnitiTe &Bciculi) of muscles are formed on this principle ; 
the matter surrounding the axis being Quid in nervee, but in 
miucle arranged into fibrils. An to the mode in which the 
homogeneous inclosing tube is produced, he is uncertain. 
The axis of complex fasciculi may permit, or it may 
disappear. 

6. I''armation of membranes and fibres &ou the bla.stema, iiombaoi 
without the intervention of actual cells. — As aJready men- JJ^J^™ 
tioned, there are cortain cases in which there is reason to withoutiu 
the blastema, in place of forming distinct cells, '"*'••''* 
:pon become blended, at onco gives rise to con- 
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tiauooa membianea or fibres. lu sucli cases nuclei i 
preaeut in the blastema, and subsequently disappear, 
imdorgo metamorpboBis ; but how far their presence deter- 
mines the traDsformatiou of the sarroaQding aubstance, f 
have no means of deciding. 

a. The blastema may iu tliis manner form a, simple h 
geneoiu film, from which the nuclei for the moat juut i 
Hppear. The capsule of the lens and the brittle layer oi 
posterior part of the cornea, are instances of such mmpie 
glasB-like membranes, and probably arise in the way 
mentioned. 

b. In the formation of the areolar, fibrous, and tome 
other tissues, according to Heole's -view of that process, the 
blutemn is Gxst converted into long flattened bands, whidi 
lie between parallel rows of nucleL Each of these bauds, 
which are not more than -ru'c^th of an inch broad, is then 
subdivided into a bundle of fine, parallel fibrils, which soon 
acquire the waved aspect characteristic of the luicroscopic 
filamentous bundles of the areolar and fibrou-s ttsanM. 
While this goes on, the nuclei undergo remarkable changes, 
to be immediately noticed. 

6. Changes in the nuclei of cells. — The nucleus may 
grow somewhat larger as the cell increases in magnitude, at 
least at first ; thus it enlarges and llatteus in epithelium 
cells, It may then remain without farther change, or it 
may disappear : it is persistent in most varieties of epithe- 
lium, bnt in the flattened cells of the cuticle and notls it 
disappears, lu other coses, the substance of tile nucleus 
may undergo a chemical change. 
; We have already spoken of proliferous nuclei, which 
undergo subdivision and give rise to young cells. 

In many tissues coiuposed of fibres, as the areolar, the 
fibrous, the eubstoiice of the cornea, and the muscular tiwue, 
the nuclei become lengthened and attenuated, and often 
creacentic, crooked, or serpentine ; in which state they may 
be seen IjTng between the fibres of the tissue, on applying 
aoetio acid, in which they are itisuluble. Having reached 
this condition, they may then diiinppear, being first broken 
up into rawn of little dots. But many of them have boen 
thought, instead of vanishing, to extend themselves at both 
ends into a fibre, which meets and joins with similar pro- 
longations from neighbouring nuclei ; the little bodies them- 
selves getting gradually thinned down, so that, iu some 
cases, all trace of thum in the thread is lost In this 
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ir a Becond set of fibres are produced, which have been g>i 
"nuclear fibres." Tbeee fibres lie between (^ ei 
other fibres, or bundles of fibrils, of the tissue in which 
they occur ; sometimes parallel with them, aoDietiinee 
wicding round them, somatimcs alternating with them in 
layers. They are rcniarkahlc far their dork, well-defined 
outline, and, like the nuclei theniaclves, are insoluble in 
acetic acid : bo that, by means of that re-agent, they may 
be rendered conspicuous amidst the other elements of the 
tissue with which they are mixed. But it will be afterwards 
Been that they strongly resemble, or rather aiv identical 
with the fibres of yellow elastic tissue ; and, in fact, . it 
would appear that. Like the elastic fibres, the so-called nucleor- 

eres really originate, not from more nuclei, but from the 
ligation, ramification, and union of true cells. 
7- Ulterior changes in the blastema. — Intercellular sub- 1° 
Jioe.— The blast^roa is usually in great part consumed in ,t 
the pn^reaa of development, but a small portion remains 
between the cells or other eloaunts of the tixsues, generally 
increaaing in consistency, and serving to cement them 
together ; it then constitutes the intercellular or intermediate 
substance. This substance varies in its condition and aspect : 
it is represented as being soft and granular in the areolar 
tiwae ; in cartilage it is at first pellucid and hyaline, but often 
undergoes a change, and becomes fibrous ; in certain forma 
of oaufying cartilagB it is hardened and calcified by deposition 
of earthy salts. In cartilage, moreover, the aubobuice in- 
terposed between the cell-cavities increases in (Quantity as 
development advances ; but, as in this case there is also 
a tbidMning of the cell-walls, which are blended with the 
intervening snbetnnoe, it is impossible to say how far the 
D qneetion is due to true intercellular deposit. 
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KtJTEITION AND EKQKKEaATION OP THE TBXTUKES. 

Nutrition. — The tissues and organs of the animal body, k 
when onoe employed in the eierdse of their functions, are * 
subject to continual loss of material, which is restored by 
nutrition. This waste or consumption of matter, with which, 
so to speak, the use of a ])iirt is attended, takes pinee in 
different modvs and degreee iu different structures. In the 
cnticular textttres the old substance umply wears away, or is 
_ thrown off at the surface, whilst fresh material is added 
n below. In miiBcular texture, on the other hand, the 
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process is a cheiuicol or chemico-vital one ; the ftmctioiud 
action of muEclo is atteuded with au expenditure of nurriiig 
force, and a portion of matter in consumed, whether diTCO% 
or indimctlj, in the production of that force ; that in, it 
undergoes n chemical change, and being by this alteratjon 
rendered unfit to Herve again, is removed by absorptum. 
The amount of matter changed in a given time, or, in other 
words, the rapidity of the nutritive pracesii, is much greater 
in those instances wliere there ia a production and expendi- 
ture of force, than where the tisaue aervea merely poBsive 
meohanical purposes. Hence, tlia bones, tendons, and 
ligamenta are much less wasted in exhausting diseaaea Oua 
the muHcIes, or than the fat, which is consumed iu re8|nn- 
Orowib. tion, and generates heat. Up to a certain period, tlu 
addition of new matter exceeds the amount of waste, and 
the whole body, as well aa its several parta, augments in 
size and weight: this ia "growth." When maturity is 
attained, the supply of material merely balauoea the oon- 
Bumption ; and, after this, no steady increase takes place, 
although the quantity of some matters in the body, especially 
the fat, is subject to considerable fluctuation at all periods 
of life. 

It would be foreign to our purpose to enter ou the subject 
of nutrition in general ; we may, however, briefly consider 
the mode in which the renovation of substance is conceived 
to be carried on in the tissues. 
Itntritlio The material of nutrition is immediately derived from the 

iTbeDCDilc- phisma of the blood, or liquor sanguinis, which ia conveyed 
riled, by the blood-vessels, and transudes through the coats of 

their capillary branches ; and it is in all cases a neoesBaiy 
condition that this matter should be brought within reach 
of the spot where nutrition goes on, although, as wilt im- 
uiediately be explained, it is not essential for this purpose 
that the vessela should actually i>asa into the tissue. 
DiRoreocu In cuticle and epithelium, the nutritive clmnge is effected 
o^ nutrition: ^ '^ continuance of the process to which these teitnrea owe 
"V<>^°>*1 -. their origin. The tissues in question being devoid of vessels, 
nutrient matter, or blastema, is furnished by the vessels of 
tiie true skin, or subjacent vascular membrane ; cells arise 
iu the blastema, enlarge, alter in figure, often also in che- 
mical nature, and, after serving for a time as part of the 
tissue, are thrown off at its free surface. 
iDioniiilil. But it cannot in all cases be so clearly sbown that nutri- 
tion takes place by a continual formation and decay of Bw 
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il elemeuts of the tusDe ; and it must not bo for- 
gotten, that there is uootlier conceivable mode iu wliich the 
mnoT&tioa of matter might be brou^t about, namely, by a 
molecoliU' change vhich renews the subetanue, particle by 
portido, without affecting the form or structure. Still, 
although conclusive evidence ib wantiug on thv jKiint, it 
■cema probable that something more tlian a more molecular 
change genetally takea place, but of what precise nature, is, 
as yet, only matter of conjecture. Soma have supposed 
that the nuclei seen among the fibres of many tissues may 
probably minister to their nutrition, and it has been con- 
ceived that tbe«a nuclei may serve as centrea of asamila- 
_tiaa and increase, indudng a deposition and organisation 

n their neighbourhood, and propagating themselves I 

■^^wntaneons diviaiou. 

n the instance of cuticle and epithelium, no vessels enter Offioo or tha . 

, but the nutrient fluid which the vosseU afford, " 

rates a certain way into the growing mass, and the cells 

! to assimilate this fluid, and pass through their 

w at a distance from, and independently of, the blood- 

Wletlier, in such coses, the whole of the residuary 

una as intercellular substance, or whether a 

i is again absorbed into the vessels, is not known. In 

' non-vascular tissues, suoh as articular cartilage, the 

mt fluid is doubtless, in lilce manner, conveyed by 

■alntion through their mass, where it is then attracted 

joilated. The mode of nutrition of these and 

a-vascnlar masses of tissue may be compared, indeed, 

I that which takes place throughout the eutire orgumsm 

I cellnlar plants, as well as in polypes and some othet 

q>le kinds of animals, in which no vessels have been 

t even in the vascular tiasuos the cose is not 

cdiltely different ; in these, it is true, the vessels traverse 

, but they do not penetrate into its structural 

ments. Thus the capillary vessels of muscle pass between 

and around its fibres, but they do not enter them ; still 

teas do they penetrate the fibrillte within the fibre ; these, 

indeed, are much siualler than the finest vessel. The nutrient 

Jlnid, on exuding from the vessels, has hure, thoreforo, as 

U as in the non-vascular tissues, to [lermeate tlie adjoining 

■ by transudation, in order to reach these elements, and 

new substance at every point where renovation is 

The vessels of a tissue have, indeed, been not 

Iptly compared to the artificial channels of irrigation 
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funtly gmtiular ; it aiitroimdB the uucleita, and occnpis* tin 
space between It oud the veaiculaj' envelope. The envelope 
and red matter are obviously of a soft and yielding natnn, 
for the corpusclee alter their shape ou the slightest preasui«s 
BB IB beautifully seen while they move witMn the Teasels ; 
tliey are also elastic, for they readily recover their original 
form again. It mnst be remarkod that the blood coqiusclcs 
when viewed singly appear very faintly coloured, and it ti 
ouly wheu collected in considerable quantity that they pro- 
duce a Htrong deep red. 

A structure eonsistiug of envelope, nucleus, aad red 
matter, as shown in the largu blood'disks of auijihibia, may 
be demonstrated in many other instances, and l>y ajulogy 
has been inferred to exist in all, Tni\n not excepteiL But 
although in the early etagea of their formation the blood 
corpuscles of man and nuiminalia may consist of an envelope 
and nucleus, it seems to be satisfactorily eatabliahed that in 
their perfect or iinnl condition they are destitute of nuclei ; 
and accordingly we find tbut some observers, while they 
deny the general existence of a nucleus in the human blood 
corpuscles, beheve it is present in a few of theu. 

The human blood corpuscles, as well as those of the lower 
animals, oftun present deviations from the natural shapes 
wliich are most probably due to causoa acting after the blood 
has been drawn from the vessels, but in some instances depend 
upon abnormal conditions previously existing in the blood. 
Thus, it is not uuusual for many of them to appear indented 
or jagged at the margin, wheu exjMsed underthe microscope 
(fig. 11', '), and the number of corpuscles so altered often 
appeaiB to increase during the time of observation. This is, 
perhaps, the most oommon change ; but they may become dis- 
torted in various other wayH, and corrugated on the HUifaoB ; 
not unfrequently one of their concave sides is bent out, and 
they acquire a cup- like figure. It is even a question with some 
observers, whether the biconcave figure which the corpuscles 
generally present may not be due to a distension of the 
circumforeutial part of on originally flat disk. Mr. Gulliver 
made the curious discovery, that the corpuscles of tha 
Mexican deer nnd some allied sjieoies present very singulkr 
forma, probably in consequence of exposure ; the figures thej 
asEume are vnrious, but most of them become lengthened 
and pointed at the ends, and then often slightly bent, not 
unlike coraway-seedn. 

The red disks, when blood is drawn bora the vessels, sink 
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in the plasma ; they hnvc a singular tuudency to rtin togetlier, A| 
and to cohere by their brood surfaces, so ns to form by their ^g 
oggreg&tioD cylindrical columna, like piles or rouleaus of 
money, and the rolls or pilon themsalvea join together into 
an irregular network (fig. 13). In a few momenta after 
this has taken place, a heaving 
or slowly oacillnting motion is Pig. IS'.' 

utenvable in the uibm, and the 
rolls may then become broken up, 
Mill the corpuscles more or lesa 
completely disjoined (Jones). 
Getier>lly the corpuscles se' 
isto on K alight impulse, and 
they m»y then unite again. The 
nature of the attraction exerted 
between the corpnsclea is doubt- 
ful ; but it may he remarked, 

that Om phenomenon will take place in blood that has 
stood for some honra after it has been drawn, and also 
when the globules are immersed in nenim in place of liquor 
aanguinia 

Palti vr cJouW<jj Corpuseltt (fig. 14"). — These are com- V 
paiatively few in number, of a rounded and slightly flattened '" 
ligure, rather larger in man and miunmalia 
than the red disks, and varying much less I'lg. K'.t 
tluui the latter in size and aspect in ditferent ^^ 
animals. In man (during health) the pro- ^ 

portion of the white corpuscles to the r ' ' 
said to be M 1 to 50. In oviparous vertebrata 
as 1 to 15, or even more ; but the number:) 
cannot be assigned with certainty. Henle gives the proper^ 
"" ; Donders and Moleachott 1 to 373. They 
« of colour, finely granulated on the surface, and 
' lij^ter than the red corpuscles. The large 
less distinctly granular than the smalL 
r haa little efiect on them ; acetic acid brings speedily 
r a nucleus, which frequently praaeuts a reddish 
DW and Kijlliker), consisting sometimes of one, 
commonly of two, three, or four, large clear 
BtulnB (fig. 14', -- '). The number of apparent nuclei is 
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* Had ojriniscles cultevted into rntls (after Heule). 

y Pkla eorposiTlK pf hamou blood, uuguiBbil sboat G>e hundred 
n«t«n. 1. Natural aspect. 2 and 3. Acted on bj weak awlie 
I, wUiA briogs iuto new the liagU or compoatte nsclena. 
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said by Mr. Whartoa Jouea to depend upmt the atrengA flf 
the acetic acid employed i if the ncid ia mucli dilntod, on^ 
one is ieen ; if strong acid is used, the nucleus breaks up 
into throe or four uucleor-lookiug particles ; k delicato 
envelope at the same time comes into view, which beoonm 
distended so as to nuguient the size of the glohule, and it 
Qventu&lly dissolved, the nucleus remaining. 

The pide coipuades frequently present the appear&nM of 
bursting, with the escape of their gnuiular contents, ^lii 
in shown by Mr. W. Jones to bo aa incorrect interpretatiim 
of the phenomenon, which consists, in reality, of the bulging 
of these cells, and the formation of processes, into which Qte 
granules enter, but from which they subsequently recede, 
the cell-wall regaining its original form. 

Granules of a fatty nature occur iu varying numbora ; some- 
times very scantily, or not at all, sometimes in vast numben 
80 as to give the serum a, turbid, milky appearance. These 
are probably derived directly from the chyle (its " molecular 
base "), and they are especially seen in the blood of Herbivoi*, 
in sucking animals, and in pregnant women. 

Besides the foregoing, the blood occu-siouolly presents the 
following constituents :- — ^(1) oella, enclosing blood-corpuselea, 
noticed by Ecker and KiiUiker in the blood of the spleen 
and hepatic vessels, and elsewhere. (2) Figmeutous and 
colourless granule-cells. (3) Pale, tine-granular, roundtth 
aggregations, in the splenic blood. (4) Peculiar bodies, 
three or four times larger than the pule corpuHcleo, but 
in other respects resembling them. (5) Caudate, pale or 
pigmentous cells. (ti) Fibrinous coagulo. (7) Crysttds. 
These latter, whieh have been termed htematin dystals, 
have been sometimes observed witliin the corpuscles, espe- 
cially in fishes ; they mfty be readily obtained from dnwn 
blood by allowing a drop to dry for a short time on a 
shp of glass, and then adding a drop of water. They 
have the form of needles, columns, or plates ; and lire of 
pole, or red colour. According to Rcichert, Scluuidt, and 
others, they consist of albuminous matter coloured by 
hffimatin. They have been seen iu splenic blood without 
the addition of water. 
' Lupwr SatigMinit, or Plaama. — This is the pale clear 
fluid in which the corpuscles are naturally immersed. Its 
great charncter is its strong tendency to coagulate when 
the blood is withdrawn from the oirculuting current, and 
on this account it ia dillicult to procure it &ee from, tiia 
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corpusclea. Nevortbeloas, by filtering tlio slowly ooagul«l>Ie 
blooil of the frog, as was first pmotised by Miiller, the large ^"^'^ 
corpuecles are retained by the fil(«r, while the liquor Kan- ™ 
gnjnis comes tirongh in perfectly clear and coloiirleas drops, 
whioh, vhile yet clinging to the iiuinel, or after they have 
(Xlleu into Uie recipictit, separate into a. pellucid glaasy film 
of fibrin, and an equally transparent difttueut serum. When 
human blood is drawn in iufl.uniuatory diseaseH, as well as 
in some other conditions of the system, the red particles 
Bepaiate from the liquor snnguuiis before coagulation, and 
ItAvc the upper part of the Uqwd clear. In this case, how- 
ever, the plasma is etill mixed with the pale corpusdea, 
which, being light, accumulate at the top. On coagulation 
taking place in these circumstances, tbu upper part of the 
clot remuins free from redness, and forms the well-known 
•'biiify co»t " eo apt to appetir in inflammatory blood. 
Now, in such cases, a portion of the clear liquor may be 
taken up with a spoon, and allowed to separate by coagu- 
l>tioii into its fibrin and serum, so as to demonstrato its 
oatHre. Dr, A. Buchanan has pointetl out another method 
of separatuig the liquor sanguinis from the red corpuscles, 
which I luiTe repeatedly tried witli success ; it conaiats in 
mixing fresh-ilrawn blood with six or eight times its bulk 
of •emm, nnd filtering through blotting pujier ; the admix- 
ture of serum delays coagulation, and a great part of the 
liquor sanguinis, of course diluted, passes through the filter, 
and sabseqiiently coagulates. 

Coagulated plasma, whether obtained from bufly blood, MIctok 
or axoded on inflamed surfaces, presents, under the micro- 
teope, a UDltitude of fine flhimenta confusedly interwoven, 
■a in a piece of felt ; but these aro more or less obscured by 
tb« intcTTtuxture of corpuscles a:id flue gnuiulus, the former 
liaving alt the characters of tlie palo corpuscles of the blood. 
The filaments are no doubt formed by the fibrin, aa it 
■ol idifiea in the cosgulation of tho liquor sanguinis. 

f be freed from fibrin by stirring it with a 
igs, which entangle the fibrin aa it concretes. 



COAGULATION OF THB BLOOD. 

I explididng the constitution of the pLnsma, we have ^om 
obl^ed so far to anticipate the account of the coogu- tion. 
1 of the blood. The following are the phenomena 

h oihei in and which accompany this remarkable change. 



THE BLOOD. 

Immediately sfter it ia drawn, the blood entitx a sort of 
exhalation, tlie "holitus," haviiig a Faint Hmell ; in abont 
three or four minutes a film appears on the mirface, qnicklj 
spreading from the circumference to the middle ; a minute 
or two later the part of the blood in contact with thu insiile 
of the vessel becomes solid, then Hpeedily the whole mass ; 
so that, in about eight or nine minutea after being draim, 
the blood is completely gelatinised. At about fifteen at 
twenty minutes, or it may be much later, the jelly-like nun 
begins to shrink away from the sides of the ^'essel, and the 
serum to exude from it. The clot continues to contract, 
and the serum to escape for several hours, the quicknm 
and extent of the process varying eiooedingly in diSennt 
awes ; and, if the sunim 1« poured off, more will nsnally 
continue to drain slowly from the clot for two or thne 

The nature of the chauge which takes place in the coagu- 
lation of the blood has been already spoken of ; it is essen- 
tially owing to the coagulation of the liquor sanguinis, (he 
fibrin of that liquid separating in form of a solid mn^a, which 
involves the corpuscles but allows the serum to eacajw from 
it in greater or lens quantity. But although the oolidifica- 
tion of the fibrin and formation of a red clot, woiild un- 
doubtedly take place independently of any co-operation on 
the part of the coipusclea, still it must not !« forgotteu 
that, in point of fact, the red disks are not altogether pM- 
sive while coagulation goes on ; for they ran together into 
rolls, as already described, aud the circumstance of thnr 
doing so with greater or with leas promptitude materially 
affects the result of the coagulating process. Thus there 
t. seems good reason to believe that, aa H. Nnase has pointed 
out, one of the causes ; aud in inflammatory blooil probably 
the chief oaiue, of the production of the biifly coat, is on 
eialtatioQ of the natural tendency of the red disks to run 
together, whereby being more promptly and more dasdy 
aggregated into compact masses, they more speedily subciida 
through the liquid plasma, leaving the upper pjut of it 
coloiu-less by the time coiigulation sets in ; and Mr. Jones 
has drawn attention to another influential circumstance 
derived from the same source, Tiamely, the more rapid and 
close contraotion of the network, or spongework aa he terms 
it, into which the little rolls of corpuscles unite, and the 
consequent expulsion of great part of the liquor sanguinis 
from its meHhes before the fibrin solidifies, the mass of 
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oggregnted corptiacles naturally teniling to the lower part of 
the vesael, whilst the expressed plasum being lighter, accu- 
molates at the top. Of course, it is nut nie.'uit to dony thnt 
more tardy coagulation of the blood would produce the Bomo 
result as more speedy aggregation of the corpuscles i it is 
well known, indeed, that blood may be made to show the 
butTy coat by delaying ita coagulatioii, hut buffed iufliun- 
matory blood is Dot always alow in coagtdnting. 

Torioua causes accelerate, retard, or entirely prevent the cirrum- 
coagulatioD of the blood ; of these it will here suffice to ^^"[^ 
uidicato the more iuportont and best ascertained. cos^uiai 

I. Tempeiature. — Cold delays, and at or below 40 degrees Tvmpon 
Fahr. prevents, coagulation ; hut even frozen blood, when 
thawed and heated again, will coagulate Moderate bIbtO' 
tiou of temperature above that of the body promotes 
coagulation. 

, Coagulation is accelerated by free exposure of the Eiposm 
I vacuo, but especiaUy by exposure to air and 
a Other gases ; aUo, but in a less degree, by contact 
I bodies generally. On the other hand, the 
intenance of its fluidity is favoured by irxcluHiou of air, 
1 by contact with the natiwal tiaauea of the body, bo long 
, leAst as these retain their usual vital and physical 

. Cessation of the blood's motion within t/te hodij favours Uotlao i 

>D, probably by arresting those perpetual changes "* 
uterial, both destructive and lenovative, to which it is 
Uly subject in its mpid course through the system. 
tation of expoied blood, even in tocwi, accelerates coogu- 

i, most probably by increasing its exposure. 
, Wat«r, in a proportion not exceeding twice the bulk of AddLtim 
H hlood, hastens coagulation ; a larger quantity retards it, 
> coagulates more speedily when the serum is of 
specific gravity, indicative of much nuter iu {iroportion 
■ the Millie ingredieuts. 

~ . Almost every Kubstonce that hss been tried, except (^U u 

o potash and soda, when added to the blood in minute iMn«*, 

aortion, hastens its coagulation ; although many of the 

• substoncM, wheu mixed with it in somewhat laiger 

kntity, have an opposite effect. The salts of the alkalies 

1 earths, added in the proportion of two or three per cent. 

1 upwards, retard, and, when above u curtaiu quantity, 

I prevent coagulation ; but, though the process be 

lupended, it speedily ensues uu diluting the mixture 
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irith vater. The caustic alkalies xwnnsnetitlf destroy tiw 
co&golability of the blood. Acids delay or prevent coagulKtion. 
Opium, bollftdoanft, and. many other medicinal agent* from 
the vegetable kingdom, are said to have a similar effect ; but 
the statements of experimenters by no means entirely agree 
respecting tliera. 
of 6. Certain states of the system. — FaintneKs occasioned by 
'" loss of blood favonrs cot^ilation ; states of eicittmeat are 
said to have, though nut invariably, the oppoaite effect. 
Impeded aeration of the blood in disease, or in suffocative 
modes of death, makes it slow to coagulate. So also in 
cold-blooded animals, with alow circulation and low n^- 
ration, the blood coagulates less rapidly than in the mim- 
blooded ; and, among tlie latter, the tendency of the blood 
to coagulate is strongest in binls, which have the greateat 
arooimt of respiration, and highest temperature. 

7. Coagulation commences earUer, and is sooner completed, 
* in arterial, than in venous blood. Dr. Nnsse finds tliat 
woman's blood begins to coagulate nearly two minutes BOomx 
than that of the male sex. 

In general, when blood coagulates quickly, the clot is 
more bulky and less firm, imd the serum is less effectually 
expressed from it ; so that causes which affect the rapidity of 
coagulation will also occasion differences in the propartjon 
of the moist clot to the exuded serum. 

There is no sufficient evidence of evolution of heat or of 
disengagement of carbonic acid from blood during its coagu- 
lation, wbicli some have supposed to occur. 
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The blood is slightly alkaline ; it has been found that a 
drachm of blood is capable of saturating rather more than a 
drop of vinegar. Carbonic acid, oxygen and nitrogen gases, 
may be extracted from it in proiwrtions which differ in 
arterial and venous blood, and which will be subsequently 
given. On being evaporated, 1000 parts of blood yield, 
on an average, about 790 of water, and 210 of soUd reaidos. 

It has been ascertained by annlysis that blood has the 
some ultimate composition as Seah ; an obserratiou which is 
obriously of great interest in reference to the office perfonned 
by the blood in nutrition. A comparative examiimtion of 
dried ox-blood and dried flesh (beef), by Playfair and fioeck- 
mann, gave the following mean result ; 
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8alU. — 1. H&ving aoila and potash as bases, combined saiu. 
with lactic, carbonic, plioBpboric, sulphuric, auti Eatty adds. 
AIbo chlorides of soditim and potassium, tiie former in large 
praportion. Schmidt has pbiuted out tbnt tho potash 
salts exist almost cxclanively in the blood corpuscles aud the 
soda salts prindpally in the iterum. la the corpuscles there 
are chloride of potassium anil phosphate of potass : ia tho 
terum, chloride of sodium, and phosphate of soda. The 
following table (giving the mean of eight experiments) 
exhibita the relative quantities of potassdum and sodium, 
and of phosphoric acid and chlorine, in th^ blood corpuscles 
And plmna. 



100 paris of InDTganic Uatteri. 



d-COrptutla. I PlamKa. 



B Tible olau ihoTS that tlie ciilorides ore, reUUvuly to tlu) 
ji much larger qaantitjr in the plunoa than in the blood- 
; anil that the phostihates are, relatiTely ta the cUciridM, in much 
gr propattioD in tha blood-cclU than in the plasma. 

hte of anuDouia. 3. Salts with earthy bases, vie, lime 
with phosphoric, carbonic, and sulphuric acids. 

BCbe tlaOtj mlts are for the murt port as80ciat«il vith the albomen, 
'% paitij with the crsssaniencam. As they ere obtained hj onlci- 
mlicni, il haa heea suspected Chst the pbosphDna sad sulphuriu 
acids nuj be in part fonaed by oxidation of the phosphorus and 
sulphur d the protein couiponnila. NaasC fband in 1000 pads of 
llood 4 to T of alkuline, and O'SS of earthy salts. 

Oaiecnu anittiiU. — In a well'«xhausted receiver of an air- Oi 
pump, blood yields carbonic acid, and, according to Magnus, 
also oxygen and nitrogen gases. Carbonic acid may also bu 
exintctad from it by exposing it for some time to a stream of 
hydrogen. Chemists, however, ore by no means all satisfied 
that the gRs obtuned by any of these methods exists iu the 



d in a free state. 



^LxieUghi 



ig brin^ argomenla to prove that the (arbonii: acid ertricatod 

m ii ddired from Incarb^te of soda ; a solution of whicli, it a 

n knovn, fields op a portion of its carboniu scid when atmospheno 

■nm is ramoved frma It. It is also worth j of remark that hjdrogsn 

eXtnrU man corbomc acid when the litooil bos stood for soma time 
UuM *lMn it ia pei&cUy reoent ; from which it is sospscted that the 



gen 6"37, nitrogen 10'40, oxygeu 11 '"S, and iron (X 
or 0„, H^i, Nj, Oj, Fe. 

OhenuBbi have diSeicd in opinion aa to tlie comtitiun in whioli V 
exists in hmmntin : some huve aiipposed that the meta! eaten into thi 
formation of the oi^anic compaaad, nud holds the same nnk Ib it* 
cuoetitutiDa u tiie caiban, liydrogeu, aail other oonatiCQeilt* ; but 
otheiB coDcaive Dial it is in the Btal« of oxide or salt, and UBoel^ Mm- 
biaeil or mixed with the organic mntter, in a aimijar numter, perhaps 
as axidefl and ralta maj be comlnnod with albumen. An ezpvrimait 
of Schersr wems ooncla^Te against the former yiew, and ihaira that 
the iron, tbongh a conBtant ingredient in the red corpnacle, is not an 
enenUal canatdtaent uf the hnemadn. By treating cruor with Bulphoric 
acid, tlie ohemiit niuned ancceeded in Bntirei; separating the iron from 
it, and after this it nevertheless imparted an iatctuwly red colour lo 
aloohol. Thia fact a!ao proves that the red colour of the blood ia not 
due lo iron, as aomu have bulieced. 

Globulin. — Wheu the ha^matia has been estracteil from 
the blood-carpuBclo9 by the foregoing method, the globtilin 
remains in caiabiuAtioii with aul))huric acid. Tim is a sub- 
sbuice which agrees with albumen iu compositiou, nnd in fill 
its properties, except the two foUowing, viz. its iiiaolubility 
in Benun, that is, in a soliue solution which holds albomeu 
dissolved ; and, secondly, its coagulation, by heat, in form 
of a grontilar niaBs, difierent in aspect from coaguUted albu- 
men. Heule BU^ests that both pcculiaritios may be due to 
the circumstance that the albuminous matter is ouclosed, 
and in aoine degree protected by the envulopi's of the 
oorpuscles, which remain after ertniotion of the hiematin ; 
and he thinks that globulin is probably nothing but albiunen 
with the membranous envelopes (and nuclei, when present,) 
of the blood particles. Lecann and Liebig consider it 
albumen. 

The friuH, or matter of the red corpuscles, which consists 
of the globulin and hiematin together (hiuniato-globulin), 
miiy be dissolved in water ; and its solution, which coutaina 
the envelopes in Husponsion, coagulates by a heat of 181 
degrees. Its efiecta with re-ageuta, both in its soluble tuid 
coagulated state, resemble those of albumen under like 
drcumstances. Berzelius reckons the relative proportions 
of globulin and hiematin as 94 '5 of the former, and 5'5 
of the bttcr. Schmidt mokes them S7'50, and 12'41 
respectively. The eorpuBcles are supposed also to contain » 
solid phosphuretted fat iu small quiuitity, but its proportion 
has not been determined. 100 x>art8 of dry cnior yield by 
calcination about 13 of brown alkaline aahes which ooniist 



CHEMICAL COMPOSlTiON. 






of carbonate of swln with traces of phospluit* 0'3, jiboBpliate 
of [iuie O'l, lime 0'2, Bubphospbate of iroa U'l, peroxidij of 
iron 0-5, carbonic aciJ and loss O-l. 

The red oorpu»clcs form by far the largest part of tbe Proportion 
otgonic matter iu the blood : their proportiou may be pmqioT"' 
aacertained by filtering deSbiioated bloml mixed witb 
solution of Qlauber'H salt, as already moutioued ; or by 
weit;1iing the dried clot, and luoking aliowance for the fibrin 
it contajas. The latter method, however, will serve only 
to give a rough estimate, as the very variable amount of 
serum remaining in the clot and affecting its weight cannot 
bo detarmined. Lecaim reckons the amount of the dry 
corpuRcles as about 120 or 130 parts in 1000 of blood. 
Schmidt Erom three classes of calciilationB, which it is 
needless here to repeat, arrived at the couduaiou that the 
proportion of moist red corpuscles in 1000 parts of blood, is 
from 480 to 620 ; and this represents the blood corpitsclca as 
containing three-fourths of their weight of water.* 

DenU and L«ana ttale tbat, lu a general mle the prapartion of red mSiinDea 
p«ntclci ispeater in the blood ofthe male MX titan in that (>f the remule, ^^[^' 
whilst tin proportion of albamea in tbe serum is nbuiit the same ia aientumf 
both. Idann ^VeH tbe falloiriae uiean result, derired fivm nnmemui 
anaJfsB, odiibitiog the proportion ef crnssiuueDtDm oail wuUr in the 
Uaoil of the two Kxes, No deduction is nude for the fibrin ; bnt, 
coniidwing iu amall relative qaantity, anr powible vuialioa in it 
cannot malcHally affect the geneRil onndiuion. 



Malf. 

Water .... 778 to 805 .. . 


Fmait. 
. S8-3tol29fl 

. 790 i^> 853 


Imnpenunent : 

Sangniae temperament . . - 13fl-i . 


mentoii] according to 

ffwiaie. 
, . 12fl-l 
. . 117-3 



Ai i^ards age, DouU found the proportion of nanamentum greatest 
b tt e t i cn tlie ages uf 30 anJ 40. Sudden Ion nf bloed nipidl; di- 
m'mMiw i(. In two iromen who hod anffered tiom uterine hiemorrhage, 
Uia ena«nieDtnui smouutcd to onl; 70 parte in 1000. The same effect 
mar to obainiid to fbllow ordinsr; vsiewutiaa. In a penon bled three 
tima ia Odc day, Leoinu Ibnud in the first dnvn bluud 139, and in 
the hut onlj 78 part* of craasamontum in ilie 1000. This effect may 
bo pTOdDced Tei7 suddenly after a bleeding. Prevost and Diinias bled 
a eU from tbe jagnlsr vein, and found IIS parts of crSHauncntum in 
ItOO, bat in bloud drawn fire minutes afUrwarda, it was reducod to 
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LYMPH AND CHYLE, 

bloods is in their colour. Venous blood is remlered brig^ 
red by exposure to atmospheric air, or to oxygen. Tbk 
effect is greatl; promoted by the saline nuitter of the semio, 
and may be necelerated by adding salts or sugar to the blood, 
especially by carbonate of soda tuid by nitre ; but tlM 
presence of senuu, or of aalina matter, is not iiidiHpennble 
to itH production, for although the clot, wht^n washed 
free from serum, does not redden on exposure to oxygen, 
jret it is found that the fresh clot, or red matter of the 
blood, when deprived of serum, and dissolved or diffused 
in water, still becomes perceptibly brighter and more traut- 
parent on e]q)OBUre to oxygen, though the effect is slow in 
appearing, whilst the colour is deepened, and the sohiticBi 
acqiures a turbid aspect, on being agitated with carbouio Mad. 
Salts addvd to dark blood, without exposure to air or o^- 
gen, cause it to assume a red colour, which, howerer, 
does not equal in brightness the arterial red. Exposure 
to carbonic acid darkens iirterial blood. The immediate 
cause of the change of colour is uncertain ; it has, with 
most probability, been ascribed to a change iu the state 
of aggregation of the colouring matter, aud in the figuie of 
the corpuscles. 
''" Firrlal btootl. — The blood of the portal vein is said to coor 
tain proportionaUy less fibrin and albumen than otlui 
blood, more fut, and fewer red corpnscles, though these an 
said to contain praportionaliy more hiematin. Lehmann fbuwl 
sugar in the ixntal blood of a horse, but only in Kboal 
twelve times less quantity than in the blood of the hcfwtaa 



TOK LYMPH AND CHYLE. 



Lymjihotk 



laSH 



A traiiHparcnt and nearly colourless fluid, 
" lymph," is conveyed into the blood, by a set of TOi 
distinct from those of the sanguiferous system. These 
vessels, which ore named "lymphatics," from the nature of 
their contents, and " absorbents " on account of their reputed 
office, take tht^ir rise in nearly all ports of the body, aud, 
after a longer or shorter course, discharge themselves into 
the great veins of the ncok : the greater number of them 
previously joining iuto a main tnmk, named the thonunc 
iluct, — a long narrow vosat'l which rises up' in front of the 
vertebra], aud opens into the velus ou the left side of the 
neck, at the angle of union of the subolaviaa and int wml 




LYMPH. 



jogolM' ; wliilst the reninining lymph&tics tcrmiuata in tbe 
correaponding veins of the right ade. Tha absorbents of 
the small intestine cany an opuquo white liquid, named 
■■ chyle," which they absorb from the food as it imssea along 
the aliiueutary canal ; and, on account of the milky aspect 
of Ui«ir contents, they ha-re been called the " lacteal 
t'tiMula." But in thus diHtinguiahing these vessels by name, 
it muHt be remembered, that they diifer from the rest of the 
absorbents ouly in the naturo of the loatters which they 
ounvey ; and that this dilTerenan holds good only while 
digestion is going on ; for at other times the lacteala contain 
a clear fluid, not to be distinguished from lymph. The 
lacteats enter the commencement of the thoracic duct, and 
the chyle, mingling with the lymph derived from the lower 
part of the body, is conveyed along that canal into the blood. 

Both lacteala and lymphatics, in proceeding to their Glindi. 
ition, [lasa through certain small, solid, and vasciilar 
I named lymphatic glands, in which they are in 
modified in etructure and arrangement, as will 
piftfttvwaidH described : so that both the chyle and l3rmph 
■ tent through these glands before being mixed with the 

k31us miicb having been explained to render intelligible 
t follows, we may now consider the lymph and the chyle, 
be seen, are intimately related to the blood. 

LVJirH. 

The lymph may be procured &eo from adniiiture of chyle, Lympli 
and in quantity sufficient for examination, from the larger 
lymphatic vessels of the hone or ass. It may also be 
obtained by opening the thoracic duct of an animal that has 
fiuted for some time before being kUlcd, It is a thin fluid, Fbyili^l 
tnuisimrent and colourless, or occasionally of a pale yellow ''"'' *"' 
hue ; ita taste ia saline, its smell faint and scarcely per- 
ceptible, and its reaction alkaline. Sometimes the lymph cmaeattix 
has a decided red tint, of greater or less depth, which "^^^^ 
become.'^ brighter on exposure tu the air. This redness is 
»ence of coloured corpuscles, like those of the 
has boen supposed, that such corpuscles exist 
the lymph, in greater or less quantity ; but 
Mr. t ■""")* Uiey arc introduced into the 



• Cjolopiedia of Aii.itomy, art. Ljmjh.itic Svs 



lymphatic Tessek acddo&tally ; he adduces an experiment 



to show, that when a 



t made intg a pHt, tha 



blood will very readily euter the lymphatics which i 
laid open, and ptwa along iuto Inrger trunkit ; and bo con- 
ceives that in this way blood is conveyed iuto the thontde 
duct, or any other lai^e vessel, exposed aa usual by inci^ou 
immediately after tlia animal is killed. 
WonMHipic The lymph, when examined with the microsoope, ia •eon 
tian. to consiat of a clear liquid, with corpuscles floating in it 

Lymph cor- TliBSO "lymph corpuscles," or lymph globules, agree entiiely 
inaciM. jj, jiigjj characters with the pale corpuscles of the blood, 
which have been alruacly described (page xli.). Occasionally, 
smaller particles ore found in the lymph ; also, but raon 
rarely, a few oil globules of various bikcs, m well a« red 
blood-DorpUHoles, the presence of which has just been 
referred to. 
Flaima. The liquid part (lymph-plaama) bears a strong resemblance 

in its physical and chemical constitution to the iil»stua of 
the blood : and, accordingly, Ijmph fresh-drawn firom the 
vessels coagulates after a few minutes' exposure, and 
Coifiujum. separates after a tune into clc)t and serum. This change is 
owing to tile Holidification of the fibrin contained in the 
lymph-piasma, and in this process most of the corpuscles are 
Serm,. entangled in the coagidum. The serum, like the con«- 
sponding part of the blood, consists of water, albumei^ 
extractive nmtters, fatty matters in very sparing quantity, 
and salts. 

Human lymph has 1>eun obtained fresh &om the living 
body in two instances, in which a lymphatic vessel had been 
ROCidentaUy opened by a wound. It has iieen found to 
agree in all material points with the lymph of quadrupeds. 
Ita qwdfio gravity, in the case examined by Miirchand and 
Colberg, was 1037. 

^^^t"' The following analjses eihibit the proportioua of the different in- 

iTmSIr " S'^'^ts ; l>"t it must be Giplained, that tbu aiuuuat nf the corpuscles 

oumot be separaUly KiTen, tbe gresler part uf them beiug iaclnded in 

the clot and reckoned is fibrin. 



* Medical Gaiette, Jan. 1, 1841. 



CBTLE. 

PibrinoiM maUCT 0*120 

SitnEtire matter aoluble in irat«T anil alcohil . 0'S4O 

EKtrartiTOinMttr&ilQblL-iinniUronly .... 1-319 

TtMj matter ........ a trace. 

Stlls, ni. — Alknline cUoriite, Butpbate, Kad carbo- ] 

uaU, iritli traces of nlluiline pb')9p1iKt«, oxiile of ^ 0-S8S 

100- 

Lymph from tbe limilnr lymphatics oC the borse (Grmelin) ; — 

Water S6-]0 

Dried clot (fibrin, with oorpiaole."! .... 0-25 

Dried aerdln, 303, tu 

Albomoi ..'.... 276 

EitnctiTeiiiAtterBolableiDaJcohoI((>amuame|, j „..„ 
with ulkallDe fhloride, and acetate . . j 

Eitracti's nutter Bolnble in water only, witli j „.^. 

alkaline carlxmat^ {ihoepliate, iLud chloride \ 



I lyiDpb from a lymphatjo vesaal on the instep of the foot 
(Marohaiici and Coil-erg) : — 

BVater SS-e2S 

0-520 

0-43* 

le (and loss) 0'312 

ittT mallcn 0-264 

Itoi lii. — ChlarideB of saJium and potassiam, atka- "j 

lins carbonate, and lactate ; snlpbal« and pboa- V l'S44 

piute of lime, and oijde of iron . . .J 

100- 

k Ske proporUon of fibrin hna been auppowd to inereBEe an the lymph 

apjiTMchel tbe thoncic duet ; thoE, from the lumbar lympbatia of a 
laMing hone, Qmelin ohbuned 0~iS per cent, of diy cosgalnm, and 
from that of the thoi'acic dnct of the nine animal, 0-42 per cent. 
Ai re^rda the amoant of albomen, Lenret and Lassaigne assign it at 
Jf'7 per eent., bat this ioctodes the extncti<re matter ; on tbe other 
hand, BereeUns anspeeta, that tbe method foUawed bj Marchaud and 
ColWrg Icada to Vio low an eitluutto ; but there Mema reason lo think 
Ibal, apart I^Dm all error, the proportion of Ibis Ingredient will be 



f CHYLE. 

The chyle of man and mammiferouB animals Ih an opaque. Chyle, 
white fluid, like milk, with a faint odour and saltish toate, >>' proper- 
ulightJy alkaline or altogether neutnil iu its reaction. It has "'^ 
oflen a decided red tint, especially when taken from the 
'a duct. Thia colour, which is heightened by eipoaure 
ia doubtlmss uft«n duo to tho prcseuco of blood 



oorpnscleB, nnd may be then explained in the Mi 

the occaiiioiial reil colour of l;iopb ; but there ii 
beliere that a red tint in the chyle is sometiraea a 
by the development of colouring matter in ita own cotptudcc, 
and independently of auy admiiture from without. 

CoDititu- Iiike blood lind lymph, luth of which fluids it greirtlf 

^°°- reflembled in constitution, the chyle consists of a liqiud 

holding small porticlea in Buspenaion. These porticleB an, 

Chjie 1. Chyh corjiiiadfs, or chyle globules, precisely like tiw 

cDrpiisclcs. lyjup], globules aud pale blood corpuscles already dewxibed. 

Fatty 2. Mukewlef, of extremely minute but remarkably unifixm 

m Bcu n. ^jj^^^ probably between y^ ^, - ,f ; and jrf^ji of an indi n 
diameter. Tliese abound in the fluid, aitd form on opaqua 
white molecukr matter diffused in it, which Mr. GnlUw 
has named the molecular base of the chyle. The odditioit Of 
ether instantly dissolves this matter, anil renders the chjla 
nearly, but not quite, tranaparent ; whence it may In 
inferred that the molecules are minute particles of bUtJ 
matter, and probably the chief cause of the opacity aiul 
whitonesa of the chyle. Thoy exhibit the usual tremnlons 
morementa common to the tuolecules of many other 

Oil Elohuiru. substances. 3. Oil ghbvki ; these are of various siiies, hut 
much larger than the molecules abovo described, and are 
often found in the chyle in conaidontble numbers:. 4. 

SpiieoilM. Min-Tiit t^thendea (Gulliver), from jj^n to gnViT '■'^ *" '•'^ 
in diameter ; probably of an albuminous nature, aad dis- 
tinguished froni the fatty molecules by their varying tnagni- 

Frccmiclci. tude aud their insolubility in ether. 6. Prrf- »ueM an 
found, according to Kollikur, in large numbers in the com- 
mencemeut of the lacteal vessels, <tc. , in smaller numbers 
in the efferent vessela of the {(lauds. They are from -i-u^Ctm 
to ja'og of &n inch in diameter, and by ondosmotic dis- 
tension with water appear vesicular, 

PlmmiL The plasma, or Hquid part of the chyte, contains fibrin, 

M> that the chyle coagulates on being drawn from the vesaels, 
and nearly all the chyle corpuscles, with part of the molecular 

S«™iii. base, are involved in the clot. The serum which rem&ins, 
resembles in composition the serum of lymph ; the most 
notable diffei'enoe between them being the larger proportion 
of &tty inattor contained in the former. 



n ftnalyBis, by Dr. Rees, of ctyle tatan Trom the 
iBCtcolg of an ass aftfir the duiil hod pasesd the meiteiiteric glsnd^ but 
before it entered the thomcia duct. 




■^Albuminoiu maltfr 
FibriiujDH matter 

Kilrac tive matter soluble U 

Kitrai^ve mutter soluble ii 

Pfttt; matter 

^■l^lkalibe chloride^ sulpliate 

^^b ai photphste, oxide of in: 



100- 



chyle, wken taken from (ho Ueteal vessels Iwfore thej hivo 
rtacbed the glandu, u generallj foonil lo coagulate less Rrmlj thaD iu 
a more advaDced atagt of ita progreas. Id like mnoner the lyiapli, 
befoie paiffiiii; the tjiiipliatie glands, occasioa^lj' eiliibiU the eamc 
wait coagnlation ; bat Ur, Lane jastl; renuLrkg, that the lymph does 
not differ in cvsgulabitity in the difierent Hlages uf its progresB m 
doddedl; and lo geoerolly as has beeu Butnetimea oHejKd; and this 
obfierratiou accorda with the statemcat of Mr. Hewiuiu ou the auue 

Dr. Uks has eiamiDed the duid contained in the thurai^ dact of the Fl 
hnioaii nilijnL It wu obtained from the bud; of a criminal an hour '" 
BUil a half »n«r eiecntian, and, from the amoll quantity of food token 
fur ajiiu hears b«^re destli, it luust bare ouuaiated principally of 
lymph. Jt had a milky hue with n slight tinge of buff ; part of it 
cDogulated [«cbly on cooling : its vpecific graiity was 1024. Its 
aiutlysia, compued with that of tha ch^le of the ssa, ahows leas water, 
morealbDmeo, less aqueons eitnKtiTe, and a great deal less fat.f The 
Silknriag table, slight!; modjlied, is extracted by Dr. Carpenter t 
frum the Qen«nJ Anatomy of Qerber, and preaentB in a concise form 
the rdattre proportions of the principal tngredieats in the chyle in 
different parts of the abeori>ent eyitem. 



le sflertait 



r periphemi 



1Fal,i 



the iates- 






i CurpuBcJes, few or 

L -u»~i.i~ nuelei nnmerons. 

^ "*«"'•> J Fibrin, little or noai 

h the efferent cr central 1 ^!^ °'*^'"°- . 

Udeal. .from the m,- ! ^^^'°'V' ■"" 

■oiteric glaoita to Ike thi 



tCorpDxcleB, numeroaa, but imper' 
fectly developed; 6ee nuclei, few. 
Fibrin, medium quantity. 
I Fat, in miniiuum quantity. 

Albumen, medium, 
J- Corpuscles, numecoua and distinctly 
I cellabr ; free nuclei absent. 
J Fibrin in niaumnm quantity. 



* EtpeHmental Inqulrie^j part ii. p, lOG. 

+ Pbih Trans., 1842. 

: Frinciples of Human Phymology, 4th ed., 



FOBMATION OF BLOOD COBPUSCLES. 



CBSXE. 

DoTDlop- Tcrj tittle is kaoira concerniug this jirocess. No ab go rbglt fr'4 

niaac of open oriGcce haTing been diHCOVered in the lymphatics, it eaa amieij 

ISSiolM. '"* B"PI««sd that the lymph giobaleH are introdnc«d ii " - 

^^ ready iurmed, uuleu it be imngined that the commenciDg Ijmphsliii 

nre deatitnte of metaliranuus poHetes, aa opiolon lately (wlvmii«d b] 

BrQcke in regard to thelacteala, but of nhicli there is searcely ■nffidnt 

evidence. The corpiucles are, therefore, moat probably deiieloped *i 

calls iiithiii the lymphatic vessels, aod there are varioua modes in vludi 

audi a prodoction oF cells might be coDceiTed ta take place. Thn^ 

uocordiog to one view, the lymph globules or cells are dcv(ilop«d fnUB 

nuclei in Vbe Uquid part of the lymph, which serves aa a hlastanu. la 

this case the cadei may he formed by aggregatJou of matter lotmd 

Bueleoli, vrhicli again may be derived as germs from other cells ; or, is 

Henle ia diapwed to think, two or more fat jiartides may unite 1« 

form a nncteus in tbe way already deacrihed (pagexii.}. UpononcrtlMr 

view it may be cuncciTed that the lympli corpuscles arc formed on tbs 

inner surfiiee of the walla of their coataining vesEela, aa eidtfaeliiim or 

mucous corpnaclea are prodDCed on thnr anpporting membrane ; and 

that (liiB process may lie conueiited with the ahaorptjan of lymph iiLlo 

the Tcraela, in like manner as secretiau into a gland-dact, or other 

receptacle, is accompanied by the formation and detachment of cella, H 

will be afterwards eiplaiDeiL 

FonoKtloa The chyle gloholea, possessing the Bnme ohnradera aa tkoee of till 

erchfle lymph, are moat probably formed In the same way ; and their inensK 

Blobulea. g^ (to ^hyle advanwa whilst the five naclel dectease, favour? the 

Opinion that nuclei are Srat produced, and give rise to the corposclet. 



FORMATION OF THB BLOOD fOBPCS(.1.ia. 

In the early embryo of the frog, (in which, perhaps, the steps of the 
prooess are beat aaoertaiued,) at the time when the circuUtion of tiie 
blood commences, the corpmiclea of that fluid appear as rounded cellsi 
filled ■'ith gnuular matter, and of larger average nie than the futnn 
lilflud corpnaeles. The cells iu questioa have an envelope bo ddieate, 
that it la rather inferred to eiiat from the rei;ular limilatios of th^ 
onttiae than actunlty seen. Xhey contoia, concealed iu the midst of 
the granular maaa, a pellucid globular veaicle, which usually preKnti 
one or two small clear specka, ntuated eccentrically. The granular 
contents eonsiat partly of fine moleculei, exMUting the umial mole- 
cakr movementa ; and partly of little angular plates, or tablets, of s 
■olid substance, prohahly of a fatty nature. After a few dayi, most of 
the cella have saanmed an oval figure, and are somewhat reduced HI 
idle ; the eui'elupe has become more consislunt, and can now be rtadilj 
distinguished ; and the granular matter rs greatly diminished in 
quantity, ao that the vesicular nncleusis conspicuoua. Kow, also, the 
blood corpuaclea, previously calourleaa, have acquired a yellowiji or 
taintl; red colour. Id a further stage, the already oval cell is flattened, 

* Gulliver's Supplement to Qerber's Anatomy, p. D2. 




FOBHATIOS OP BLOOD COKPtTSCLES. 



ihe gnualea vntirelj ilioippear. thu rotour i« mon deoidcd, uiil, in 
I "It, the blood vorpiuclc wjnim iu pennsDent cliaractcrs. From 
L ' II dcscriptioD it vilt be «eea that the blDod*ceUa uhich fint appear, 
.TT-f in natDic with Ibe clenTitge nils, (described at pnge xxii.), tind 
,. ;r prodactiou in prtibaLly connected vitb the process of legmeatA- 
i">a. vhicii ii known to Uke pla«! in the frDg'a otdid. The diOierent 
r«ru of the embrTo in ita earlj rondition, the heart, for eiample, are 
for ■ time flDtdivl} coiij|>OBed of colls uf the same kind, and all have 
pTobablf B common origiu. 

In the epg of the bird, the flrat nppeorance of blood eorpowlcs, as \n 
Dell M of hlood-Tewek, ii aeea in the bUatodema, or germinal meia- '''' 
bianc, n etmctnre formed by the eiteneiiiD of the cleatricnta in the 
tsrlj itB4;W of iDCnbalion. The DDtnmenctDg embrju, nith its ainiple 
tobnlar hvart, is wen in the centre of this ciicnlsr membnuie, and 
blood-tenels appear over a great part of its area. Tlieae Grat veaaels 
thersfore, liiough connected vith the heart, and intended to ooDTe; 
DaDiiDeat to the enbrjo, are formed in an exterior atmcture ; but in a 
comewhat later >lage, blood-Tesiela are dereloped in various textnrea 
and otsans within the bodj. The formation of blood corpnacles in the 
vascular area of the blaatodenna has been aedaloiuil; inroitJgalad bj 
T3jioo8 inqidrtis : and from their conciurent ilstementB <re learn, that 
tbeae eorpoadei, at a certjuo stage of their progreu, are ronnded cells, 
laiger tbin the bluoil-diahs of the sdnlt. Thej ooutun a gnumlar 
DDCleoi, and are qaiu devoid of coloor. Theiie Bpheroidol eolooiless 
vesidea in thdr further advancement beowie flattened, bat at first 
vitb a drenlar outline^ and at length assume an ovul figure. While 
nnilergnnig these cbangos of form, the; acquire a red colour, vhich is 
at first £uD( and rellowiBh, but gradual!; deepens ; their enndope, too, 
bcnimea thicker and stronger. 

As la the ekrlier part o! the process, — the prodnction of the above- 
tDcntioncd round ceils, whoiw anbaequent convenuou jalo colonred oval 
disks has jut been described, — the statementa of observers difler so 
wide!;, that no consistent account esu be founded on them. It has 
been hsld that the cells nhlch form the anbatauce of the blaatoderma 
anil emiirfu partlj paxa direotl; tuto blood-cells, and partlf genemte 
tbe latter bj endogenous mnlliplicatiao. -Again, it is affirmed that 
some blood-oolls are fi^mied from free nuclei floating in the inter- 
Bgmak maintains that the; increase b; subdiTinon. 
t, perhaps, it may bo inferred that the end is attained in more 

mbrjo of mammiferons animals, the corpnscles which first [r 
a the bbod-vesHla are round, nucTcateil, colonrleaa ctlls. In "f 

n they were observed by Waguer, * in very young embryos '" 

otnbtita, bats, and sheep ; and BischoB'it who canflrmed the obsena- 
tiun as rcgarda the rabbit's embryo, remarks, that the primary blood- 
oolls ia not diSer in appearance from the common primary cells, of 
vhieh all tbe solid parts of the embryo are at first composed. This 
laiH'^BiBtloned observation is impartant, and entirely agreea with what 
has been seen in ibo frog'a ovnm. The primar7 blood-cells are mnoh 
laj^er Uian the future corpusolea— for the moat part doublo their 
nio ; — they acquire a reddidi colour, and are gradually converted isto. 



EPITUELIUM. 

or, at least, are ancceeded hj, auiuiler disk-shaped iMrpnacle* villioat 
nuclei, poBsessing nil tbd aharucteni of tbe blood-dieka of the ailnlt. 
The mode in which the change or suhstitutiou ia effMled has Dot beea 

ThroDgbdat life tlte mass of blood ie subject to ranUDnal change ; t 
■ portion ul it is coDst&ntl} eipendet), nad i(a place taken by k tnA 
Bupplj. It is iKTiaiu that the corpaEClea nre nat exempted &qdi liini 
genersl change, bnt it a not houwn in what manner the? an coBr 
■umed, Dgr b; what process new oaes are couUniuill; formed to aOlipilT 
the plaee of the old. With regard Ui the latter qnesliou, it yat^ It 
■tated, that the eiphualjan which baa hithettn found nuwt fitTonrvilh 
pbyaologista, ii, that tbe cnrpiuolea of Ihe chyle and lymph jMMJin 
into the ean^iferDQB ayatem, become tbe pale corpsedea of tha tdrad ; 
and that these last are ronverted intn red diska. At the same time it 
ie not improbable, that pale corpuscles may be olao generated io lltB 
Uood'TesBels, independently of those deriyed from tbe chyle and lympk. 
As to the cianuer in which the pole corpuscles are transformed ml* 
the red, there is cc>nsideraUe dlfiereni^ of opinion. Aooording to one 
view (adopted by Paget, Kiilliker, and others), the pale corpoKla 
gradually become flattened, acquire coloured contents, lose theai nnolc^ 
and shrink somewhat ia lize, and thus acquire tbe cbaradera tf the 
red disks. But Mr. Wharlou loaim has,* from an extended soieiot 
observaliona, orriTed at the ooucluMon that, whilst in hird^ reptila% 
and fishes, the pale or lympb corpuscle, snfiering merely Bomealton- 
tion of form and cuntcnts, becomes the red disk, ite nucleiu alone ia 
dereloped into the red disk of mammalian blood. According to thit 
Tiew tbe red corpuscle of oviparoua TBrtabtata ia the tnumformed pale 
corpuscle, its development not proceeding beyond this stage ; bat iLs 
non-Dnc!etted red dlafc of man and manunalia is nol tbe homolagna 
of tbe oral nucleated red disk of tbe oviparooa Tertebntta, bnt 
that of ila naclcuE. It is not within the scujie of this work to enter 
upon a discuBsion of the relative morita of tbese opinions, and the 
reader is referred to PhjMological works, and especially to RliUiker'a 
Mikroskupische Analomie, for a consideration of these and other vieva 
adopted by Tariona authun upon the point at irane.'l- 



EPIBEaMIC, EPITHEUAL, OR COTICULAR TISSDl 
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I well known, that wbeu the akin U blistered, 
and nearly transparent membratie, named Uio cuticle ( 
ojiidermis, is raised from its surface. In like inaimer, 
a tratisptkTent film may be raised &'om the lining luembmns 
of the mouth, similar in nature to the epidermis, althoogh 
it has in this sit\iation received the name of " oiiitheliam^ 
and under the latter appellation, a, coating of the Eome kind 
exists on nearly all free surfaces of the bo<ly. It ia true 

* FhiloBopiiical Tmnsactioas, 184S. 
+ In the Sydenham Sodetj's Tramdatton of K6]ijker'< "Masoal," 
there are interesting notes upuu tlie formaUon of the blood corpuscle^ 
by Hr. Bask and Mr. Huxley, who adopt the viem cd' Ur. W. Jontfc 
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SPITHEU0K, 



tbat in many aitnutiona the epithelium cnnnot bo actually 
nised firom tba subjiicent sur&oe &a a coherent membrane, 
itill its eiJsteace as a coDtinuous coating can be demon- 
Etnt«l ; and, although in different parts it presents other 
important ditfereuces, it has ia all cases the uuue fumla- 
mental structure, and its several v&rieties are cosuecteil bj 
certiun commoa character. 

The exutence of a cuticular covering in one form or rthm 
other, has been demonstmted in the fullowing situations : '"^"^ 
n& 1. On the sui^ce of the skin. 2. Ud mucous mem- 
bruws ; a class of membmnea to be afterwards described, 
wlitoli lino those iutentol cavities nod passages of the body 
tlittt open exteriorly, viz. the alimcDtary cana), the lachrymal, 
naMl, tympanic, respiratory, uriuary, and genital passages ; 
as wen as the various glandular recesses and ducts of glands, 
whtck open into these passages or upon the surfaoo of the 
sldn. 3. On the inner or free aiirfaco of serous mombmnes, 
whidi line the Halla of closed cavities in the hi'iul, chest, 
abdomen, uid other ports. 4. On the inembranos termed 
synoviat within the joints. 5. On the inner aur&oe of the 
blood-TcaseU and lymphatics. 

TUa tia«ae has neither vessels dot nerves, and it is Stiucton 
wholly devoid of sensibility ; it, uevertheleHs, possesses a nituidoD. 
dedJedly organised structure. Wherever it may exist, it 
is formed easentially of nucleated cells united together by a 
more or less cohesive intercellulnr matter. The cells, in [uuUn, 
whatever way they may be produced, make their appear- 
ance first in the deepest part of the structure, in a soft 
blasiemA depoaited by the blood-vessels of the subjacent 
tissue ; then, usually undergoing considerable changes in 
size, figure, and consistency, they gradually rise to the 
nu&cp, where, in most cases, and perhaps in alt, they are 
thrown off and succeeded by others from beneath. In 
many attuations the cells form several layers, in which they 
may be seen in different stages of their progrera, from their 
firvt appearance to their final desquamation. The layer or 
layen thus formed, take the shape of the surface to which 
they an applied, following accurately all its eminences, de- 
pre^ona and inequalities. 

In aooortlance with the varied purposes which the epi- CeDidlSn 
thdhun is destined to fuUil, the cells of which it is composed ^ ' "*"" 
conie to differ in different situotious, in their 6gure, theu 
Mlrir pomtion in respect of each other, their degree of mutual 
jbieeion, and in the nature of the matter they contain, 
■wt I. / 
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SCAI.Y EPITHELIUM, 

SB well as in the vital endowmentB which they manifM ; 
and, foundocl on these modifiuatioDH of its coimtitueut oelk^ 
four principal vnrieties of epithelium bAve beuu reccigtii«ed, 
namely, the uraly, the eolianiiAir, the ^itniidal, uid Um 
ciliatei}, each a! which will now be described in particular. 

It may first be remarked, however, that amidrt them 
chauges the nucleus of the cell undergoes little ftltontioii, 
and its characteiB are accordingly remarkably mufomi 
throughout. It is round or oval, and more or less flattened ; 
its diameter measurca from -^^n^th to -j^Q^^th of aa inch, or 
more. Its substance is insoluble in acetic aciil, and colour- 
less, or has a pale reddish tint. It UKUally contains one or 
two nucleoli, distinguished by their strong, dark outline ; 
and a variable number of more faintly- marked gr&unlei 
irregularly scattered. For the most jiart, the nucleus ii 
petsisteut, but in some cases it disappears from the celL 

The ical'j, lamellar, tabular, oi Jiatte (led epithelinm (pave- 
ment, or tesaelated epitbehum of the Gcnuan anatomist*). 
In this Tariety the epithehmn particles have the team of 
small angular tables, or thin scales ; in some aituataiint 
forming a single thin layer, iu othent accumulating in nuoy 
super-imposed strata, so as to afford to the parts they covra' s 
defensive coating of considerable strength and thicknen. 

As a nmple layer, it is found on the seroua, and Bocae 
synovial membranes, the inner siuface of the heart, falood- 
vessels and absorbents ; also lining 
tho cerebral ventricles and oorer- 
ing the choroid pleruses, on cettaia 
parts within the eye and ear. Kid 
in some gland ducta. 

If the surface of the peritoneum, 
plouni, pericardium, or othw 
He LOUS meabrauo be gently 
scraped with the edge of a knife, 
a small quantity of soft matter 
will be brought away, whicJl, 
when examined with the ntiorc^ 
scope, will be found to contaus 
little shred-like fragments of ^d- 
r less numbt^r of its constitnent 
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SCALY EPITHBLICM. 

pikrticl«9 still hold togother, like the pieces compostug a mosaic 
vorL (fig. lb'). These particles, which are flntteaed celln, 
hare for the most purt a pol^^nal figure, and are tioitad to 
each other by their edges. Bitch has a nucleus, apparently 
in or near the centre, but moat probably attnched to the ceU 
wkll. The addition of weak acetic acid rendere tke angular 
oatline of the cells as weU as the nucleus more distinct. 
■nio cells differ soniewhat in size on different parts of the 
BernuB membrane, and those irhich coTer the plexus choroides 
are found with procesws projecting in THiioua directions, and 
perfectly transparent. 

"Die epithelium of the Tascolar sysUrm resomblee in many 
parts that of the serous membranes ; but in some situations 
tlie flattened cells, together with their nuclei, assume nii 
obloug figure, and sometimes their outline becomes indistinct 
&om blending of neighbouring cells. 

A Ksly epithelium, in which the cella form several 
layers, (thence named "atmtifled'') covets the akin, where 
it coiutitutes the scarf-skin, or epidermis, which, together 
with the hurs and nails, will be afterwards more fuUy de- 
scribed. In this form it exists, also, on the conjniictiyal 
covering of the eyeball ; on the membrane of the nose 
for a short distance inwardly ; on the tongue and the 
in^de of the mouth, throat and gullet ; on the vulva and 
vagina, extDn<Ung some way into the cervix of the uterus ; 
iil~o (in both Seles), on a very small extent of the membrane 
of the oreUn, adjoining the external orifice. It is found, 
~ ~ a the tyaovial membranes which lino the joiutBi. It« 

^pnl uae, no doubt, is to afford a protective covering to 
> mr&cea, which ore 

1 Iwis Fig. Iff,* 

1 to friction. 
^D» cells in this sort _— ^ .-V^'^^^^^^^x 
^Nflpitbeliam become con- J'^^^^^^i <--B.-t'^»"^\ 
broad thin j . ir/' \ U '*'/Jl|£j^l V\ 
. ftom ^ to ji, of ^4^'- I '^i ??'■'» J) 
■ n diameter, which l/.V;;. iL'- ' •'•' JV 

I loOMued and cast off ^'"'' J^^-^^"^^-^^,^^'^ 
I'tbe free surface. Such '^^^^^5^ 
both single and 

I little patches, may be at all times seen with 
mucus scraiied &om the inside of the 
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SCALY EPITHELIXTM. 

mouth, as shown in fig. 10' ; but to trace the progresdve 
changes of the cells, they must be successively exftmiaed 
at different depths from the aarfaca, and the epitholinm 
must also be viewed in profile, or iii a peipendicoUr 

Beotion, tts exhibited in fig. 17'. In tl ~ 



Fig. 17' 







the deep or attached surface, small cells may 1 
the midat of a. soft grnnular, or clear substance (blaatema). 
These appear to be recently fonneil, for their cell-metnhrano 
closely invests the nucleUB; nay it is alleged by good observers, 
that mere nuclei are also present, which subsequently acquirs 
an envelope. Others, such as Kiilliker, deny the exist«uos 
of free nuclei in this situation, and ascribe the new oeD* 
wholly to endogenous multiplication. A little higher up ui 
the mass the cella are enlarged ; they have a globular figure, 
and are filled with soft matter ; they nest become flattened, 
but still retAJn their round or oval outline ; then the con- 
tinued flattening causes their opposite sides to meet and co- 
here, except where separated by the nucleus, and they are 
at length converted into thin scales, which form the upper- 
most layers, While they are undergoing this change of 
figure, tikeir substance becomes more firm and solid, and their 
chemical nature is more or less altered ; for the cell-mom' 

• B[.itheliuEi from the oonjuDctiTS of the calf, folded sd that the fret 
Borloe forma the upper border of thufinnre, aud reudered tninf parent bj 
aoetie acid. 1, 2, 3, 1, fi, pragmaive flttttcning of the cells as thgj 
rin (o the Bnifiice. The aalllDe figures rcprtsent ainglo cells troa 
difiereut depths, viewed on their nurfnce ; and at i' aad 5', ed^vni, 
Kbgoifitd 410 diuneters. (ChieBy after Henle.) 



COLUHNAB BnTHELIUM. lii 

bnuw of the sofW and more d«ep-aeat«d calls majr be ili»- 
Bolred by acetic acid, irhich i^ not tbo cnse with tliose 
nearer the satfiux. The nucleus at first eakrges, as well 
M the cell, but in a much less degree ; &nd it soon be- 
comes stationary in its growth, having usualiy acquired an. 
oral figure, and an eccentric position. The scales near the 
snrface overlap a little at their edges, and their figure is Terjr 
TariouB ; somewhat deeper it is mostly polygonal, and more 
unifonn. Besides the nuclei, they often exhibit fat-globules 
and Bmall scattered granules, like dots, itad, according to 
Henle, are tometiuies mnrked over njth fine parallel lines. 

In various parts, the more superficial mid denser layers of "''■ """* 
the scaly epithelium can bo readily separated from the deeper, piAlued. 
more recently formed, and softer [lart which lies underneath ; 
and this has led to the error of describing the Utter as a 
disUnct membrane, under the name of rete mxicoixiim ; this 

int will be agun noticed in treating of the skin. 
LColvtimar Bpithdium.— hi this variety (figs. 18' and '^"''^ 

~|, the ccmstituent cells are elongated in a direction per- 

Fig. IS'.* 







r to the surface of the membrane, so as to form 
1 upright columns, smaller or even pointed at their 
■ attached extremity, and broader at the upper. 
They are mostly flattened on their wde«, by which they are 
in motiial apposition, at least in their upper and broader 
, and have, therefore, so far a priFmatic figure, their 
i flat ends appearing at the siu^'ace of the epithelium, 
I.fonn of little polygonal areas (fig. 18', b). The nucleus, 
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COLUMNAR EPITHELIUM. 

usually ovnJ, and coDtatning a. DUcleolua, ie placed near the 
miildlo of tlie colmun, and is oft«n bo Urge in proportioD b> 
the cell, us to cause a bulging at that part ; iii which case, 
Mr. Bowman * observes, the height of the nucleus difbn in 
contiguous columns, the better to allow of mutnal adaptstioa. 
The partides bam the epithelium of the gall-bladder hb 
mostly without nuclei (Henle). Besides the nucleus, Bie 
columnar cell usually coutaiiia a certain amouut of an ob- 
scurely granular matter ; this may be distributed through- 
out the whole of the pai'ticlo, or confined to its middle and 
lower euJ, the upper part of the column remaining tian*- 
parent ; or lastly, the granular matter may be suTTounded 
on all aides by a transparent border, which some have rap- 
posed to be the wall of the cell. The appearance of these 
columnar epithelium cells, which are taken front th« 
intoatinal mucous membrane, varies uccording to the ootdvi^ 
of the digestive process at the time. 

Gmby, and mor« recsntlf , firuecku, liace elahid tluit tbo cella are <rp«B 
at their free inrCue, but thu iideQifd by Kullikeiand Bruch: Dondn^ 
hawever, mainlains that u (be cells grow, thvir nuclei push forwud* 
Inwards the BiuTace, and eventusJly e»apa {bwomiug the so-callad 
mDCOB-corpiiBcles), and at thia stage a second nucleus may be seen, low 
dovn, at the nttached eitremity of the cell. During digcation bt 
globules are seen in large oumberB in the epitbeliaro cell* of cnnuTon, 
ia Bmsller Dmnbeia in thoH of herbiiDrH. Tbe vall of the cell fomuDg 
the baua or free surface is comparaticely thick, aud Kulliker hu pointaj 
out that it is marked by Ens parallel striie ninoing perpeadicnlar to 
the mr&ce. H« ia dlHpoied to thiuk that these may in reality be 
caused by eilremely fine tubuUr pBBSngcs perforaUng the oell-mJl 
in th» assigned direction, which may pouibly account for the eatiaiM 
of oily moleculen. Whateter be their impbrC the etdte are distinotlj 
TTsible ; perhaps thej indicate merely a finely rolmunsr structure, such 
as that which exists on a larger scale in Brticnlar cartilage and enameL 
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The little columns are hold together, 
though sometimes very feebly, by 
intercellular substance, which Gila up 
the wider space between their narrow 
ends, and even extends beyond theii 
largo extremities and forms a oon- 
tinuouB layer over them on the bee 
surface of the epitbeUum. 
The columnar epitholimn is unquestionably subject to 

* Cyclopsdia of Anatomy, art. Mucous MembradD, 

1* Columns of epithelinta from the rabbit's intestine. 1. Free sar- 

bee. 2. Broad outer end. 3. Kuclcus. i. Small inner eitiemity 

turned towards ibe moMUs membrane nugniRed SOS diameters. (Hsalej 
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SPHEROIDAL EPITHELIUM, Ixxi 

shedding and renovation, bnt the precise mode in which 
this takes place has not been ascertained. 

Yalentin infers, from his observations, that in most parts there are 
jonng cells in successive stages of advancement lying underneath the 
columnar particles and preparing to take their place, as occura in the 
cuticle and other corres]>onding forms of the scaly epithelium. But in 
some situations, the little columns appear to rest immediately on the 
Bobjaoent membrane, without any appearance of an intervening layer. 
It has also been supposed that the columnar epithelium cells are formed 
from the coalescence of two spheroidal cells. The occasional presence of 
two nuclei fiivours this view ; but Gerlach, who has recently studied this 
subject, states that the presence of two nuclei is but a rare exception to 
the general rule ; and further, that transitional forms between the 
spheroidal and columnar cells are frequently observed. Perhaps the 
epithelial coating may not undergo a slow and coutitmal shedding and 
renewal, but may from time to time be cast off entirely and at once, 
in which case, the subjacent surface may remain denuded for a short 
time untU its covering is restored, or a new epithelium may be formed 
preparatory to the shedding of the old, and ready to succeed it. Some 
have supposed, that a temporary denudation takes place in certain 
situations and circumstances ; it has been stated for instance, that the 
epithelium is tiiiown off &f)m the inner surface of the intestines during 
digestion, in order to enable the subjacent membrane to exercise its 
special function, and that, when this is accomplished, the epithelial 
covering is speedily reproduced. Tiie separation of the epithelium in 
these cases ia^ however, certainly accidental. 

The columnar variety of epithelium is confined to mucous ^®5® 
membranes. It is found in the stomach ; on the mucous 
membrane of the intestines in its whole extent ; in the 
whole length of the urethra, except a small part at the 
orifice. It extends along the ducts of the greater number 
of glands, whether large or smaU, which open on the mucous 
membrane, but not tl^ough their entire length ; for, at 
their extremities, these ducts have an epithelium of a 
different character. The inner membrane of the gall blad- 
der is covered with columnar epitheliimi. 

Spheroidal Epitheliitm. — In this variety, the cells for the Spheroidal 
most part retain their primitive roundness, or, being flattened *P* ® **"* 
where they touch, acquire a polyhednil figiure, in which no 
one dimension remarkably predominates. Hence the above 
term was applied to this form of epithelium by Mr. Bow- 
man.* But in some places the cells show a tendency to 
lengthen into columns and in others to flatten into tables, 
especially when this epithelium approaches the confines of one 
or other of the preceding varieties ; in such cases it has been 

* Cjelop..of Anat., art. Mucous Membrane. 
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Ixia CILIATED EPITHELIUM. 

TrnnsltioDil named tranriHonal ; moreover, when the sc&ly and coIudhk | 
'^ ' ' varietieB border upon one ftiiotlier, the figure of their pArtidei 
19 gradually changed, preseuting vuriouit iuteitnctliate fomu : 
in other wordB, the epithelium there puta on the transitiDiit] 
character, though it may he only for a very small sp«c& 

The greateat fitretch of spheroidal epithelium is fonod in 
the urinary passives, where it succeeds the colunmar epithe- 
lium of the urethra at the internal orifice of that ouuJ, and 
lines the whole of the bladder, ureters, and pelves of the 
kidneys. It is found also in the excretory duets of Qm 
mammary, perspiratory, and of many mucous gluida, uid t 
modification of the spheroidal epithelium lines the iumoat 
secreting cavities, or commencing ductH of glands genentUy 
(fig. 20^. In thia last- mentioned situation, the nucleated 
cells contain a large propor- 
tion of fijie granular nukUv i 

liar ingredieiita of the aen*- 
tion may he recogntsad ia 
them ; and it ia ooaodred, 
thnt they have a conudBTkhk 
share in ptepuing ot aqw- 
rating these matters from Hit 

Ciliattii EpilhdiitM. -—la 

this form of epithelium, tlie particles, whidi are genenllj 
columnar, hear at their free eitroinities little hair-like 
processes, vliich ore agitated incessantly during life, and 
for Borne time after death, with a lashing or vibiating 
motion. These minute and delicate moving organs at« 
named cilia. They have now b6en discovered to exist 
very extensively throughout the animal kingdom ; and tba 
movements they produce are subservient to very varied 
purpOBes in the animal economy. 

In the human body the ciliated epithelium ocuura in the 
following parttji' viz. : — 1. On the mucous membrane of 
the air passages and its prolongations. It commences at a 
little distance within the nostrils, covers the membrane of 
the nose and of the adjoining bony tonuses, extends up into 
the nasal duct and lachrymal sac, is then interrupted by soil]' 
epithelium which lines the laclirymal canals, but ruappe 
the conjunctiva of the eyohda. From the nose it f 
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bnckwarda a cert-aiu wnj ou tlie upper Hurface of the soft 
palate, and into the upper or nasal region of the pharynx ; 
also into the Eustachiftn tube and tympanum. The remainder 
of the pharj^nx ia corered by Bcaly epithelium as already 
mentioned ; but the cihated epitlielinoi hepat E^ain in the 
larynx a little above the glottis, and continues thronghout 
the traohea and the hronohial tubes iu the lungs to their 
smalluat nuniGcations. 2. Ou the mncoua lining of the 
uterufl, commencing at the middle of the cervix and FuUopiun 
tubes, and even on the peritoneal stlrfaco of the latter at 
their fimbriated extremities. 3. On the parietea of the 
Teutriclcs of the brain.* 

In other mammiffrouB animals, aa fiir iU) examined, cilia coIoty 
hare been found in nearly the same parts, To see them in j,^"""' ^ 
motion, therefore, a portion of Diliat«d miibous membrane 
may be taken from the body of ii recently killed quadruped. 
The piooe of membrauo is to be foldud with its free or 
ciliated surface oiitwordii, placed on a slip of glass, with a 
little irat«r or serum of blood, and covered with a bit of 
tliiu glass or mica. When it is now viewed with a magui- 
fying power of 200 diameter*, or upwards, a very obvious 
agitation will be perceived ou the edge of the fold, and this 
appearance is caused by the moving cilia with which the 
eur&oe of the membrane Is covered. Being aet close 
together, and moving aimultaneously or iu quick succaBsion, 
the dlia, when in brisk action, give rise to the appearance 
of a bright transparent fringe along the fold of the mcm- 
bisne, agitated by such a rapid and incessant motion, that 
the single threads which compose it cannot be perceived. 
The motion here meant, is that of the cilia themselves ; but cuHt ik 
they also set in motion the adjoining fluid, driving it along a'ui'^"'" 
the ciliated surface, as is indicated by the agitation of any 
little particles that may accidentally fluat in it. The fact of 
the oottvey.-uice of fluids and other matters along the ailinted 
aui&ce, as well as the direction in which they are impelled, 
y also be made mouifest by immersing the membrane in 
1, and dropping ou it some finely pulverised substance, 
I charcoal in fine powder,) which will bo alowly but 
lily carriol alimn in a constant and determinate direc- 
; and this may be seen with tlie naked eye, or with the 
fmCtk lens of low pover. 

(* This ■tatemeot ia made on the satharit; of Parkiaje auJ Valentia, 
^IKAUiker and V'trdiow fiul«d to dst«ct i:i!iB in Ihe cerebral Tenliieles 
■■ ncntlj sieented crimiDsL 
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The ciliary motion of tbe bum&n miicoiu membraiie i« 
Lenutifully Been on the surface of recootty eztract«d immI 
polypi ; and single ciliated particlea, with their ciliSi etOl ill 
motioD, &re Bometimei) Bcpomted accidentally Sratn taattfot 
surfaces in the living bi>dy, and may be discovered in tba 
diechaiged mucus ; or they may even be purposely detadiod 
by gentle abrasion. But the extent and limits of the ciliated 
epithelium of the human body have been determined chiefiy 
from its anatomical characters. 

Cilia have now been Ehown to exist in almost every class 
of animals, from the highest to the lowest. The iniroedintc 
purpoBO whicli they serve is, to impel matters, generally 
more or loss fluid, along the aurfnoes on whicli they are at- 
tached ; or, to propel through a liquid medium the ciliated 
bodies of minute animals, or other small objects on the tmr- 
face of which dlia are present ; as is the case with mauj 
infusorial animalcules, in which the cilia serve as organs of 
locomotion like the fins of larger aquatic animals, and as 
happens, too, in the ova of many vertebrated as well m 
invertebrate nnimala, where the yelk revolves in its sni- 
rounding fluid by the aid of cilia on its Hurface. In many 
of the lower tribes of aquatic animali), the cilia acquire ft 
high d^;ree of importance ; producing the flow of wata" 
over the surface of their organs of respiration, indi>tpensable 
to the exerciae of that function ; enabling tho animals to 
seize their prey, or to swallow their food, and performing 
various other offices of greater or lesB importance in their 
, and the warm-blooded aniwolB, thwr 
DEO is apparently to imi>el secreted 
Fig, SI',* fluida or other matters, aloniftlM 

ciliated surface, as, for exiunple, 
the mucus of the windpipe iwd 
na^ sinuses, which they cany 
towards the outlet of tliece 
cavities. 

The cells of the ciliated epi- 
thelium (figs. 21' and 22'), con- 
tain nuclei, as usual : they have 
most generally an elongated OT 
prismatic form, like the partides 
of the coliuniior epithelium, which .they resemble too in 
arrangement, but are ofteu of greater length, and havtt » 

m c«l!> from the haroaa iumI 
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t •ixtztiaulj. Tlie cilia arc attached to their broad or 
loperfitdAl extreinitics, eoub columnar p-nrtiolu bearin)j a 
toft of these nkinute b&ir-like pro- 
riMi 11 Id some cases, the oelU Fig. 22'.* 

■re spheroidal in figui'e, the cilia 
^cing still, of course, confined to 

'i.it portiou of tho cell which 
'"17118 part of tho general sorface 

.f the epithelial kyer (fig. 22'). 
lii»t.iiKica of the hitter form occur 
ill the «}>ithelium of tho frog's 
moittfa, on the siirfact! of the 

m-um, ntul, according to Yaleutingt on the dioroid pl^raiu 
of foetal quadrupeds. 

The cilia themselves differ widely in size in different of ii.n cilia 
animals, and tli«y are not e<^ual in all parts of the aame 
animal. In tLu human windpipe they aro, according to 
Valentin's uieasiirement, y,^th to ^j^iTBtti of an inch 
long ; but in many invertebrate aniiaiJa, osiieoinlly such aa 
live in salt water, they are a great deal larger. In figure 
they hare the aspect of slender, conical, or slightly fiattenad 
filiuneots ; broader at the base and usually pointed at their 
free exti«iuity. Their substiuice is transpiirent, soft, and 
flexible. It is to >dl appearance homogeneoiiB, and no fibres, 
giannlea, or other indications of dofijiite iatemrd structure, 
h&ve been satiafiictorily discovered in it. 

Tliere ii reason to believe that the ciliated epithelium of ncprmluD- 
the ntsms is from time to time shod and renewed ; and, ' 
probably, the same change may take pliice, though more 
gradually and leas perceptibly, on other ciliAtcd surfaces. 
But the [oi^cess by which tUis is effected is not satisfactorily 



Q«rlacb states Ibat a Ujei of loDg prismatic cells may be i(ea 
beaoill] the lupertiniHl uid ciliated stratum sod also IU[rii|; up the 
■laces left lielireen the pointed extremities of the latter. Uuderaesth 
this la^er there are sioall spfaeroidal cells and free uudai. Hesuppoaea 
Uut ^eniidal oella iiro developed around the free nuclei, aud tbst tlis 
Ujer thus formed gmdoallj replaces that upon which the cilia ar« 
foDad. This description appUea to the epithelial coating of the bumiui 
tra.:l>ea. 

The manner in which the cilia n 

• r.g. 22', SphemldBl .tilUled cells fr. 
HagBllSed BOO •liamrten. 

t Wsenn'BHandirurterljuchdcrPb.viuali 
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a the mouth of tho frog. 
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Uief are not acting very briskly, MoKt generally they sem | 
to execute a sort of fanniiig or lashing movement ; and 
when a number of tliom perform this motion in regular sue- 
ceseiou, as is geiiorally the cnse, they give rise to the appeai- 
once of a aeries of waves travelling along the rmnge of 
•I cilia, like tlie waves caused by the wiud in a field of corn. 
Wben tliey are in very rapid action the undulation is lea 
ohviyus, aud, aa Henlo rwmarks, their motion then conveys 
the idea of Bwiftly-running water. The undulatii^ move- 
ment may be beautifully seen on the gills of a luusad, and 
on the arms of many polypes. The uudulations, with Boms 
eiceptionB, suem always to travel in the Bamo direction od 
the some parts. The Jmpulaiou, also, which the cilia com- 
municate to the fluids or other matters in contact with tliem, 
maintains a constant direction, unless in certain of the in- 
fusoria, and in these the motion has even been supposed to 
be Toluutaiy. Thus in the windpipe of mammalia, the 
mucus b conveyed upwards towards the laiyni, aud if • 
portion of the membrane be detached, matters will atill he 
conveyed along the Burfaco of the separated Augment ia flw 
same direction relatively to that surface, aa before iti 
separation. 

The persistence of the ciliary motion for some tima after 
, death, and the regularity with which it goes on in park 
' eepaiated from the rest of the body, eiifficiently prove thiit, 
with the possible excei)tions alluded tu, it is not under Vu 
inSuence of the will of the animal nor dependent for it* piD- 
ductiou on the nervous centres, and it does not appear to Iw 
iiiUuenced in any way by ntimulatiou or Budden deBtmotion 
of these centres. The time which it contiuues after death w 
separalJOD differs in different kinds of animals, and is aln 
umterially influenced by temperature and by the nature of ttw 
fluid in contact with the surface. In warm-blooded animal* 
the period varies from two or three hours to two days, or erai 
more ; being longer in summer than in the cold of winter. 
In frogs the motion may continue four or Ave days after 
destruction of the brain ; and it has been seen in the gullet 
of the tortoise fifteen days after decapitation, contmuiag 
seven daya after the muscles ha<l ceused to be irritable. 

With the view of throwing further light on the nature of 
this remarkable kind of motion, experiments have been 
made to ascertain the etfcct produced on it by diflerent ex- 
ternal agonta ; but it would seem that, with the exception 
perhaps of moderate heat and cold, and alkaline solutioiu, 
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thcM agenta affect the action of the cilui out^ ii 
tbej act destnictivuly i>a tlieti tUsuo. 

Tb» effect of ehinga uf lemperatnro is ililerBnt in warm and cold- Otnt lUid 
bloodnl uiiniBU. la lilt foruer Uie motion ia stopped b; a colU of "•'^ 
13' P., vlicrciu in ibe hug uid riTer-utUBel it gae» on nnimpured aC 
33* P. E. B. W«beT li:iii nuule the iatercstiug oUerVBtion tbat in 
ciliated epitbdiDm puiicla detached fivnu tlie human nasal membraue, 
Uie motiou which bai become languid or qoieiueiit from the cflld, maj be 
rrTiTcd \ij iranalb, such u that of the breath, and this eeTcral timea 
io inKeeEBan. A moderately eIeTat«d tcmperatnre, la; 100° P., does 
aM aAsel the moUun in cold-Uoodcd animals, but, of conrH, a beat 
Rauodenbly higher than tfaia, and luch as to alter the tisiue, would 
DBt an end to it in all caaea. Electric (hacks, unless they canK Kloolrlcitf. 
a of the ciliated surfaoe (which U sametimes the case), produce 

; and llie nme is true of galvanic cuirenta. Pre^ Fnnli 
!, I tind, airesta the motion in marine malloKa and ia other alt- vaui. 
a vhich I have tried ila eflect ; bat it evidentlj acta bj 
i( both the form and nibstAace of thedlia, which in Iheso cosea 

a a different medinm. Must of the common acid oad Actdaimd 
a, when conoentrated. arrest the action of the cilia in- "lis- 
in all animals ; but dilntioa delays tbia effect, and when 
ler. pieijenta it altogether ; aud hence it ia, probaUf, due 
it alteration of the tiiaae. Vircbow has observed that a Alkalies, 
a of cither potash or soda will revive the movement of cilia after 

" 'e substances, anch as bydrocjaiiic acid, lalla of ^Brcatiu. 
1, opium aud beEladoDDa, are said by Furldnje 
11 Vvlenlln to have no effect, though the Gnt-aamed agent has cer- 
']j apptand to me to arrest the motion in the river-muasel. Kle ADlnml 
■|e anion of the cilia while blood prolongs it in vcrtebiatod ^"'^ 
; bnt the blood or teruiu of Iha vertebrata hai quite an oppo- 
-'--■' '■' ' "nvflrtebrate animals, aixestiog their motion 



[it mxut be cnnfeHtteii that tho nature and eouxue of the ci 
mm l>y which the eilia act are aa yet imknown ; but ^' 
ir doubt may hang over this question, it ia plain that 
b ciliated cell ia individually endowed with the faculty 
idudng motioD, and that it possessea in itself whatever 
~ 1 apparatus aud whatt^ver phyaicul or vital property 
eoeasary for that end ; for single epithelium cells 
> exhibit the pheDomenon long aher they have 
been eompletely insulated. 

P^Tilluiiit pnireHing to oSa a satisfactory solutiDn of a qneition beset 
li ID modi difficulty, it leem^ nevertlielEsa, act nnreasonable to 
' ' a tin niliary motion aa brang probably a manifestation of that 
'j on which tho mure oonapicDoue motions of animals arc known 
d, namely, vital coatrectilit; ; and this view baa at least the 
je of referring the phenomenon to the operation of a vitj pro- 
perty alicady recognised aa a source of moving power in the animal 
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It u true tbftt nothing resembUng a muscular appantos in tbe oinUiiiI 
Benaeoftlie'terni. hu been discoTerGd to 'be canoected villi tbedllt, mr 
it it necessary to BUi>poaetbc exiateoce of any snch ; for it musl be n- 
membered that Tilul tontractilit; is not Umited to > tiasue (tricll; 
defined in its appreciable Btmctnre^ Tbe onatomipal charuitan of 
bnmui Tolantacy mnecle differ wjddj from those of moat invidontur 
contnictile textures, and itill more from the contnictile tiaauea of naie 
of the laweit invertebrate snimala, although tbe movement* mnjt id ill 
tbcM cases be referred to the aume principle. Thebeart of the embiTi 
beats vhile jet but a mass of cells, united, to all appeanuice, bj amor- 
pbaUB matter, in which no fibres are seen ; yet no oae woalJ dmbt 
that its motionH depend than on the same proj>erty afl at a later period, 
when its struetote ia fully doreloped. 

In itji peimatenog after systcmiu dentb and in porta separated ban 
the rest of the body, llio eiliary motion agrees vith the motioa «f 
certain mUBculai Etruettii'eE, aa the heart for examjilo ; and the agnB- 
roent extends eren to the reguUr dc rbytltmic ebKaOUa of tbi 
motion in these circumstancea. It is true, tbe one endmea mod 
longer than the other ; but the difference appears to be one only of 
degree, for differences of the aame kind are known to prerail afluioj 
mmoles themeelcea. No one, for instance, donbta that the anricle vl 
the heart is muscular, because it beats longer after death than the 
Tentiicle ; nor, because a frog's heart continues to act a much 1oil|« 
time than a quadruped's, is it Inferred that ita'motjon depcodi M ■ 
pcwer of a different nature. And the rlew here (alien of the Utoterf 
the ciliary motion derives strength Irom the cnniideratiDn 1^ ttl 
phenomenon lusta longuBt in cold-blooded animals, in which vital Mt 
tractility also is of longest endnrance. In llie effects of heat and cold, 
as (ar as oburved, there is also an agreement between tbe raovemenl oiF 
cilia and that of muscular parts. It mtut be allowed, unless wg dis' 
trust tlie observations of very competent inquirers, that nitrcotic nb- 
stancea do not in general affect the cilia, while they ar« ganeraQj 
admitted to nllcr or extinguish muscular action. At the same tint 
there remains some ambiguity on this bead, and my own obserratioai 
do not agree in ail points with those referred to. Something, moreryrer, 
may depend on the facility or difficulty with which the tissues pennH 
Uie narontic fluid lo penetralo, which aircnmstnuee must needs aflict 
the rapidity and extent of its operation. Jn the effect of opiam on tiie 
heart there is a great differeoce, according as the narcotic is applied ts 
its outer or its inner surface ; and to this mu.'tt be added dist thi 
effect oTnarcatiea baa not been carefully tried on all contractjle timies. 
Agun, we see differeuoes in the mode in which the cilia themselvei ar* 
aSected by tbe same agent : thus freah water instantly arreMs tbni 
motion in certain cases, while it has no such effect in others. 

The discovery of vibrating cilia on the spores aad other parts of certain 
crTptogamic vegetables may perhaps be deemed a strong argument on 
the opposite side ; bat it is by no means proved that the senuble 
motions of plants (sncb, at least, as are not purely physical], and these 
of animals, do not depend on one common vital property. 



The celli of the cuticle, uid of other toxtwres which more W 
or len reaemldD it in itractare, sometiiaes contain a blitck 
or brown matter, which gives a dark colour to the piuls 
over which these cell* are spread. A well-marked example 
of such pigment-cells in the hnmaa body is lUforded hy the 
Uftclc ooktiug which lines the choroid mambnme of the ejo 
and core™ the posterior surfece of the iris. They are found 
in the epidermis of the Negro and other dark races of man- 
kind, and in the more dusky parts of the cuticle of the 
XoropeaiL lliey have been found ako on certain parts of 
the inveating membrane (pia mater) of the spinal cord, and 
in the membranous labynDth of the eiu". 

The pigment-cells of ^ H 

the dioioid membrane '* -^ ■' 

<fig. 23") an for the most 
part polThedral Lii figure, 
most generally six-sided, 
aod oonneeted together 
like tbe pieces of a 
monie pavemeut ; others 
are q>het<Mdal, and most 
of those on the back of 
the iiis are of that shape. The cells contain the pig- 
ment, strictlj so calied, which consUts of minute black 
or bFOwn granules or molecules of a rouud or oblong shajx', 
measuring not more than from -n^;7^ to vj-j-jrisis °^ '^ ''"^ 
in their greatest dimension. Those molecules arc densely 
packed tc^ether in some cells ; in others they nrv more 
•csttared, and then it may be seen that there u a certain 
amount of colourless matter included along witli thum. 
When they escape from the ruptured cells, thoy exhibit 
*«ry strikingly the molecular movement ; and in connequeiioe 
of tiiia movement the apparent shape of the particki is 
sotyect to change. It is worthy of remark, that when 
Tiewod singly with a very high magnifying power tliey look 
tianiparent and almost colourless, and it is only when thvy 

* ngment-oells frum the ehnroid, magnified 370 dismeten. A, 
Cclli Mill 'XiberiDE, seen on their enrfiu^i!. a. Kucleiu iniiiitindlf 
•een. In the other cells the nncli^ua is concealed bjr the pigmeul 
graanln. a. Ttd eelU sees in profile, a. The aatcriot part coa- 
tainiiig ncarcely any pigment. (Heule.) 




PIGMENT. 

are heaped together that their blackness distinctly appears. 
Tiie oeUa have a colourless nucletu, whidi is ver; genenll]r 
hidden from Tiew hj the block particles. It coutaing a 
central nucleolus. 

Exaiuiued cbeniicaJly, the blnck nutter is found to be 
insoluble in cold aud hot water, alcohol, ether, fixed and 
volatile oils, acetic and diluted mineral acids. Its colour i* 
discharged bj chlorine. The pigment of the bullock's 070, 
when purified by boiling in alcohol and otter, was found by 
Scherer to consist of 58-672 carbon, 5*062 hydrogen, 
13'768 nitrogen, aud 21-o98 oxygen; its proportion of 
carbon is thus very large. Preceding chemists had obtained 
&om its ashes oxide of iron, chloride of sodium, lime, and 
phosphate of lime, 
'" The dark colour of the negro is known to have its seat in 
the cuticle, aud chiefly in the deeper and softer part named 
the rcte mucosum. According to Henle, it is caused by the 
presence of pigment- cells, resembling those of the choroid in 
almost every respect save their size, which is somewhat lem. 
These ore intermixed with colourless cells, and on the pro- 
portion of the two the depth of colour of different paits 
depends. According to the same authority, the darker parts 
of the European skin owe their colour to pigment-cells like 
those of the Kegro, only still smaller in size, less defined in 
their outline, and less numerous. Krause afiinna that the 
dark colour of the cuticle both of the Xegro and white raoai 
depends chiefly on the presence of cells which have dark 
brown nuclei, the substance of the cell being also tinged, but 
less deeply than the nucleus, and the colour being diffitsed 
through the mass and not caused by molecules. Ho admits 
that a few true pigment-ceils exist in the Negro's skin ; and 
while it is generally admitted, by Kolliker aud othen, 
that the pigtnent-inoleculea have a tendency to accuniuhits 
around the nucleus, it appears most probable that thoro ia 
no essential difference between the coloured and white raoea, 
as to the source of colour of their cuticle ; for whatever bu 
the structure of the colouring particles, it cannot be doubted 
that in both cases the colouring matter of the skin ia thb 
same in its essential nature as that of the choroid. In 
Albino individuals, both of the Negro and European races, 
in whom the black matter of the choroid is wanting, the 
coticle luid the hair are colourleaa also. 

In some situations the piguient-uells become irregulai aud 
jagged at their edges, or even branch out into long jiwbiiIm; 
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Such rnmifieil cells ara very cominou in majiy r 
animals, Ba those fiom the skin of tho frog repreaonteJ ia ^ 
ig. v. Ill the liumnn body pigment-celU of this de- 
scription nre found in th^ dark ceUulor membrane bettreeu 
tho aderotic and choroid coats of the e;e, and on the pia 
QMtcr aoTering the upper part of the spinal cord. The 
ooadition of tho pigment in the hairs trill he afteTwards 
described. 

From tho observutioiiH of Valentin on the choroid mem- iii 
brane of the embryo bird, it appcats that the pigment-cells ^ 
aie formed rotmd previotuly existing nuclei, and that thej ti< 
are at first colourleas, but that black molecules Bubsequently 
appev in them, Brat immediately round the nucleus, and 
afterwBzdi throughout the rest of the cell 

When the cuticle of the Negro im removed by means of a 
blister, it is renewed again of its original ilark hne ; but if 
the aldn be destroyed to any conuderable depth, as by a 
Bovere bum, the resulting scar remains long white, thsugh 
it at length acquires a dark colonr. , 

In the eje the black matter accms ofaviouslj intended to absorb n- Ui 
ilnndant ligbt. and acsotdingly its absence in Albinoi is sttendeil with 
a difficiiIlT of baling a light of cousiderable brightniuB, Iti uses in 
otlier litnalioaB are not so apparcat. The pigment of the cntiale, it 
hui been supposed, may ureeo the snbjnnent cntis from tba pnngeney 
of the cod's rajs, but in many atunals the pigment is not only employed 
to vsiirf^le the SDrface of the bodf, but attacbes itself to deep-Hated 
[j«rtB. Thus, in the frog the bnnches and tvl^ »f the blood-vesi^ls 
are speckled orer vitii it, snd in msuj Sth it imparls a black colour t(> 
^^e peiitoonm and olher inttmiil membraueB, 



^B ADIPOSE TISSUK. 

The human body iu the healthy state contains a consider- whst 
able amount of fatty matter of difbrent kinds. Pat, as 
already mentioned, is found in the blood and chyle, and in 
the lymph, but much more sparingly, It exists, too, in 
sefcnd of the secretions, in some constituting the chief 
ingrolietit ; and in one or other of its modifications it enters 
into the composition of certain sohd textures. But by far 
iho grekter port of the fat of the body ia inclosed in small 
~ T Teaides, which, together with their contained matter, 
ititote the adipose - 
is tisme is not confined to any one region or oigan, bnt wuo 
I very generally throughout tho body, accompanying 
■ stall jsore iridely distributed cellular or areolar tianie 
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in most tliougti QCit in all parts in which tha latter is fonad. 
Still its dietributioQ is not uniform, aijd there are certain 
situations in which it is collected more abundantljr. It 
forma a conGiderable layer unilemeath the skin, and, together 
with the aubcutaneouB areolar tissae in which it ia lodged, 
conBtitutea in this situation what Iins been called the 
paimictd'ua adipona. It is collcoted iu largo quantity round 
certain intemid paria, especially the kidueyB. It ia seen 
filling up the furrows on the surface of the heart, and im- 
bedding the vessels of that organ underneath ita aerom 
coveriug ; and in various other situations it is deposited 
beneath the serous membranes, or is collected between their 
folds as in the mesentery aod omentum, at first generaHy 
gathering along the course of the blood-vessels, and at length 
accumulating very copiously. Collections of fat are also 
common round the joints, lying on the outer surface of the 
synovial memhnuie, and filling up inequalities ; in inanj 
cases, lodged, like the fat in the omentum, in folds of the 
membrane which project into the articular cavity. lAatly, 
the fat exists in large quantity within the bones, where it 
forms the marrow. On the other hand there are gome 
parts in which fat is never founil in the healthy condition 
of the body. Thus it does not exist in the snboataneovi 
areolar tissue of the eyelids and penis, nor i 
iior within the carity of the 




atruttun. When auljectoJ to the inierosoopc, the adipose tisane (fig. 

■2i') is seen to coasist of minute vesicles, filled with an oily 

* A small duster of fat-oclli^ mRgatfied IfiO diameten. 
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matter, and for the most part lodged in the meshes of the 
areolar tissue. The vesicles are most commouly collected 
into little lobular clusters, and these again into the little 
lumps of fat which we see with the naked eye, and which in 
■ome parts are aggregated into round or irregular masses of 
considerable magnitude. Sometimes the vesicles, though 
grouped together, have less of a clustered arrangement ; as 
when they collect aloogside of the minute blood-vessels of 
thin membranous stiiictures. 

In well-nourished bodies the vesicles or fat-cells are round Fat-cdb. 
CT oval, unless where packed closely together, in which case 
they acquire an angular figure, and bear a striking resem- 
blance to the cells of vegetable tissues. The greater number 
of them are from y^th to ^^th of an inch in diameter, 
but many exceed or fsil short of this measuremcut. Each 
one oonasts of a very delicate envelope, inclosiug the oily 
matter, which, completely filling the envelope, appears as 
a sin^ drop. The envelope is generally quite traiiHjmrent, 
and appears to be homogeneous in structure. In ill-nourished 
bodies, sad especially in those presenting serous infiltration 
of the tissues (as in dropsy), different forms of fat-cells are 
observed. (1.) Granular, yellowish- white vesicles, containing Onuiular. 
numerous small fat globules. (2.) Yellow, or yellowish- 
red cells, filled with serum and globules of brownish- Serum- 
yellow fat. The relative proportion of the serum and fat **®^^^- 
varies ; but in all cases of this description Kolliker states 
that he has discovered a nucleus and nucleolus. Tlio 
nucleus may be seen without re-agents, but is rendered more 
apparent by acetic acid. The vesicular envelope is found in 
difierent conditions. Sometimes it is normal ; but it has 
been seen finer and also thicker than usual. When thickened 
it may present the appearance of either a single or a double 
contour. (3.) Fatless cells, with normal or thickened walls. Fatlew. 
(4.) Fat-cells containing crystals, either yellow or white in crystalUiio. 
colour. At first sight these cells appear filled with opaque 
and granular contents, but upon minute examination are 
seen to contain stelliform acicular crystals, though in some 
cases their aspect is very faintly granular. 

Schwann discovered a nucleus in the fat-cells of the 
embryo; the nucleus contains one or two nucleoli, and is 
attached to the inside of the cell-wall or imbedded in its sub- 
stance. Although nuclei have rarely been seen in the cells of 
well-nourished adipose tissue in after-life, Kolliker states 
that he invariably finds them when the fat has partially 

U - 
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disappearod, and thence infers that the; are sAvmyi present 
This inference is confirmed bj Bnicli, who stales that the 
endosmose of water always renders a nucleus apparent. 

The common fat of the human body may be represented 
" as a mixture of a eolid futty Huhiitance named " margarin/' 
ajid a liquid oily aubetance, ' ' olein ; " the suet or fat of oxen 
and sheep, on the other hand, consists chiefly of a second solid 
principle) " stearin," associated with olein. These thwe 
substances, margarin, olein, and stearin, are themselves com- 
pounds of a base named "glycerine" with three fatty Midi 
rospectiyoly, tho niargaric, oleic, and stearic ; while the 
glycerine is nupposed to be the oxide (or hydrated oxide) of 
an hypothetical radicnl, "glyceryl" 

During life the only matter contained in the cells a 
liquid ; but the crystoUiue spots which are EometimeB seem 
after death indicate a partial r^lidification of one of it3 
constituents. This has buen supposed to be the margarin ; 
but it appears &oni its chemical relations to be most probabl; 
morgaric acid. 

The fat being thus contained in closed cells, it will be 
readily understood why, though liquid or nearly bo in the 
living body, it does not shift its place in obedience U> 
presnure or gravitation, as happens with the water of dropsf 
and other Uuids effused into the interstices of the arooUi 
tissue ; such fluids, being unconfinud, of oourse readily pas 
Stma one place to another through the open oreolie. 

The areolar tissue connects and surrounds the Urger 
lumps of fat, but forms no special envelope to the HmaUer 
clusters; and although fine fasciculi and filaments of 
that tissue pass irreguJurly over and through the cltlstMi, 
yet it is probable that tho vesiclen are held together in them 
groups mainly by the fine network of capillary vessels dis- 
tributed to them. In the marrow the areolar tiasne it 
very scanty ; indeed the fat-cells in some puiia of the 
bones are said to be altogether unaccompanied by areolar 
filaments. 

The adipose tissue is copiously supplied with blood- 
vessels. The larger branches of these pass into the &t 
lumps, where they run between the lobules and subdivide, 
till at length a little artery and vein are sent to each small 
lobule, dividing into a network of capillary vesaels, which 
not only surrounds the cluster externally, but passes through 
between the vesicles in all directions, supporting and con- 
necting them. The lymphatic of the fat, if it really j 
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my, ara tuknowo. Nor have nervcn lieen seen to tonniaate Kar< 
in it, ibougi nerves destined for other textures may pass 
throDgh it. Accordingly it has been obBcrved that, unleaa 
nhm such tiarersiug nervous twi^ happen to be encoun- 
tered, a punctnriiig infltniment uay be carried through the 
adipose tissue without occaaioiuug piun. 

Ab to the (lies of the btty tUme, it may be obserred, ia ibe first Uia 
placs, that it arrea the merely mechanical purjfOBe o! a Ugbt, lait. 
■ad clinic packing nuiterial to Gil vacuitieB in the body. Being thiu 
•lepoaital between and aroDiid diffennt organs, it afforda thpto aup- 
pvt, Etdlitato motion, and protects tbem from tbe injpriDus etTecta of 
pKaaoie. In Ihia way, too, it gim Ic the exterior of the body its 
KoMOth roanded eontuur. Forlber, being a bad caudnctur of htat, tfae 
nbcolaiieaua ht must bo far serve as a means of retaiuing the wanatli 
of (he body, especially ia wanu-bloodecl creatures ei:posed to great 
extontal odd, aa the whale and otber cebueuoi auimalx, in which it 
fonna a nrj (hick atratuio, and must prove a much more eSectoal 
protectjm than a covering of fur in a water; element. 

But the most important use of the fat cousistt in BubMrrieDcy to 
tlu proecas of nntn^n. Composed chiefly of carbon and hydrogen, 
it 'a Abaorbcd into the blood and consumed in respiration, eombiniag 
with oxygen to form carbonio acid and water, and tbu contributing 
with Mier byJrocarbunons matters to maintain the heat of the body ; 
' it ia mppowd lliat when the tligesUve process introdoces into the 
V carbon and hydtogeu than is required for immediate con- 
the eieera of thc«e elcmenti ta BUred up in the form of fa^ 
e available for uae when the expenditure eiceeda the imias- 
w n^ly. According to thia new, active muscular eiHroise, which 
~ '' ' 00. temli to prevent the accumulation i^fatby 

nplion of the hydrocarbaouDs matter introduced 
■) Uie body. Again, when the direct supply of cnloridc matter for 
ii diminished or cut off by witbhotding food, or by jnter- 
M digestive process, nature has rccuursc to that which haa 
't in the form of fat ; and iu the wactjng of the body 

ntion, the fat is thn part tirst consumed. 

tthe fhl in nutrition is well illustiated by what occnrs in 

_ _ me other iiybomating nninialB. In theae the 

m, of alimentation is snapended during their winter aleep, and 

mfb tltdr mpiraliOD ia reduced to the lowent amount oompaUbla 

'i U&, and their temperatore fall% there is yet a condderBble 

oat at hydrocarboDous material provided in the shape of fat before 

r hybeniation commences, to be slowly eonsnmed during that 

1, or perhaps to aSurd an immediate snpply on their respiration 

' \g again active in spring, 

a estimated that the mean qnantity of fat in the human g„^ 

, le-twentieth of the weight of the body, but from what 

bM been said, it is plain that the amoont must be lubjcct to great 
Snctaation. The proportion is nsnally largest aliont the middle period 
of life, and graitly diminishea in old age. High feeding, lepose of 
nind and body, and mncb sleeji, favour the production of fat. To 
Ilea must be added individual and perhaps hereditary predjs- 
Tfaara is a greater tendency to fatocsa iu feuiaies than 
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mklei, alio, it uid, in enoucbs. The eSect o( cutntioa 
iiie rntuniag of dumeaUu tmimals U well known. 

In infiiDo; and ehildhood tlic fat u confined cMeflir to the tnlxn- 
'- taneoua tiaine. In aflar-life it ii more e(|amlly dialiibuted tlmnib 
the body, nod in prapartioiutel; greater qnaiititj abont tbe niwen. 
In Hottentot femaleB &t accumutaies over the glat«al uiucles, fbnidig 
a eonHidemble promiaence, and in a, leaa degree over the deltoid ; i 
tendency to local accumnlSiIJDnl 'of the snbcntAaeous fst ia known td 
exist aUo in particular races of quadrupeds. 

JJeircfopmciif.— Aooording to Valentin, the fat fir^ appetn 
in the liuman orabryo about the foHiieenth week of inM- 
uterine 1if<i. At this period the fat-coUs ore isBuUted, but 
bjr the cud of the fifth month they arc collected iuto snull 
groups. When £ret seen, they nre nlao of comporativelj 
■mail size. As already stated, the festal fat-cells contain i 
nucleus in their early condition which ia afterwards hidden 
from view ; hut it ia not certain that the nucleui [a«o«dei 
and gives rise to the cell. 

It has been a, question irhether, irliea the fat undergoes abaoiptioi, 
the vesicles are themBelves consumed along with their coat«n(a. Dr. 
VF, Hunter believed Chat they still remwned after being emptied ; i* 
van led to this opinioa by obeerviug tbe coodiljon of the areolar tioae 
in dropaical bodies from vbich tbe fat had diuippenred, there bang in 
inch cases a marked difference in napect between the parte of thtt 
tissue which bad originallj contained fat and those nhich had put, 
■whish difference be attributed to tbe pernatence of the empty bl 
vesicles. Gurlt slates that the fat-cells in emaciated animals ok filM 
with serum, and this statement is fully confirmed by tbe observationt 
of KtiUiker, Todd and Bowman, myself, and others. 



THE AREOLAE, CKLLOiAR, OR COKNBCTIVE TISSITK 

If we make a cut through the skin and proceed to raiae it 
' from the Bubjacent porta, we observe that it is loosely can- 
neoted to them by a soft filamcntouB aubatauce, of consider- 
able tenacity and elasticity, and having, when free from &t, 
a white fleecy aspect ; this is the substance known by tba 
munes of "cellular," "areolar," "filamentous," " connec- 
tive," and "reticular" tissue; it is often also called 
"cellular membrane." In like manner the areolar tissue 
is found underneath the seroua and mucous membnuM 
which are spread over various internal surfaces, and servw 
to attach these membranes to the parts which they line or 
invest ; and as under the skin itiH named " suhcutaneous," 
so in the last-mentioned situations it is called "subserous" 



and "submuoo 
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iiirUier we find thu substance lying between the mnscles, 
lite hlood-veesela, awi other deep-aeated parts, occupying, 
in short, the iuterruls betveen the different organs of the 
body whero they lire not otherwise iuBUlatod, and thence 
Buued "intermediate ;" very generftlty, also, it becomtts 
mute conaistent and membranous immedmtely around these 
organs, and, under the name of the " investing " areolar 
lisaae, affords each of them a special sheatli. It thus fomu 
inulooiiig sheaths for the muscles, the nerves, the blood' 
Te£s«ls, and other parts. Wliilst the areolar tissue might 
thus be said in some senao both to oonnect and to insulate 
entire organs, it also performs the same office in regard to 
the finer luuta of which these organs are made up ; for this 
end it enters between the libres of the muscles, uniting 
thvDi into bundles ; it comiocta the several membranous 
layera c)f the hollow Tiscera, and binds tt^ther the lobes 
and lobules of many compound glands ; it also accompanies 
tbe TBMels and nerves within these organs, following their 
brancbet nearly to their finust divisions, and affording them 
EUppoit and protection. This portion of the areolar tissue 
has been named the " ponotrating," "constituent," or 
" parenchymaL" 

It thus appears that the areolar is one of the mort continuity. 
general and most extensively distributed of the tissues. It 
is, moreover, continuous throughout the body, and team 
one r«gian it may be traced without interruption into any 
other, however distant ; a fact not without interest in 
practical medicine, seeing thnt in this way dropsical waters, 
air, blood, and urine, effused iuto the areolar tissue, and 
ev«a the matter of suppuration, wheu not confined in an 
abscess, may spread far from the spot where they were first 
introduced or deposited. 

On stretching out a portion of areolar tissue by drawing suueuin 
gently asunder the parts between which it lies, it presenti "J"?^''^ 
an appuuanco to the naked eye of a multitude of fine soft 
ciostio threads, quite trauNparont and colourless, like spuu 
glaw ; these are intermiied with line transparent films, or 
delicate membnuious Inminie, and both threads and laminie 
ivcMa one another irregularly and in oU imi^inable direct- 
ions, leaving open interstices or aroolcu between them. These 
areolae are, of comae, more apparent when the tissue is thus ai-uoLb. 
stretched out ; it is plain also that they are not dosed cells. 
a» the term " cellular tissue " might seem to imply, but 
iteiBpacos, which open freely into one another : 
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Qi&Dy of tliem are occupied by the fat, which, boworn', I 
already expkiued, does uot lie Ioohb in the areolar BpaOM) 
but is encioBed in its own vesicles. A smoU quantity of 
colourlosB traDHpareat fluid is also present in the areoUr 
tUsue, but, in health, not more than is sufficient to auAsbea 
it. This fluid is generally said to be of the nature of aerum ; 
bnt it i» nut improbabb that, unless wheu unduly inareaMd 
in quantity or altered in nature by disease, it may resemble 
more the liquor sanguinis, as iit the caKo with tlie fluid of 
most of thd serous uiembianes. 

On comparing the areolar tissue o( different parts, it it 
observed iu some to bo inoro loose aud open in texturo, in 
others more dense and close, according as free movemeid 
or iinii connexion between pai-ts ia to be provided for. In 
Home situations, too, the lamiuiB ore m 
others the filamentous structure predoniiuBtes, 
prevails exulusively ; but it does uot t 
desiguate those varieties by patticular names, as is boiii»- 

In When examined under the microscope, the areolar titwue 
'' is seen to be principally made up of oxceediugly fino, tian»- 
poreut, and apparently homogeneous fihunentd, from about 
rjTyno*'' ^ ET^un*'* "^ '*" ""^ "■ thickness, or oven less 
(fig. 25'). Tlieae are seldom single, being mostly united by 
meauB of a small quantity of clear, homogeneous connecdng 
Qubstance into bundles and filsmcntou-H laminaa of vaiioui 
.sixes, which, to the naked eye, appear as simple threads and 
films. Though the bundles may intersect in every directioo, 
the filaments of the same bundle run nearly parallel to each 
othor, and no one filament is ever seen to divide into bnmcliBi 
or to unite with another, The oaauciated filaments take an 
alternate bending or waving course as they proceed along ths 
bundle, but stdl maiiitain their general parallelism. This 
wavy aspect, which is very chnmcteristic of these filaments, 
disappears ou stretching the bundle, but returns again when 
it is rekxed. 

Hie filaments just described, though transparent when 
seen with transmitted hght under the microBOiipe, have ft 
white colour when collecteil in considerable quantity as^ 
tbea with reflected light ; and they not only occur in the 
areolar tissue strictly so called, but form the chief ptut of 
the tendons, hgaments, and other white fibrous texturea. 
They were long supposed to bo the only fibrous uonstitucait 
existing at the areolar tissue, but it has been sliowii {aud 
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I idtmticikl with the fibres of the r. 
yellow clutie tissue, or at least approach them very closely ^' 
ill ohkiBCter, and they have accordtugly buuu named the 
yellow or oldstic fibres, to iliatingukli them fraiu the white 
or waved filnmeDts above described. They were termed 
iiuduKr fibres (KemioserQ) by Gerber and Heole, on account 
of thuir Bupponed origin from nuclei ; but us this opiuion is 
«t be»t but doubtful, the former appellation aeenu pre- 

^^^pu eortaia portions of the areolar tissue, as for instance in 

^^Hjit which Ues under the serous and uucous membranes of 

^^^BtionlaT regions, the yellow or elastic fibres ore large and 

abundant, so that they cannot well be overlooked ; but in other 

parts they are fsw in Dumber, aud small, and are then in a 

great measure hidden by the white filiuueuts ; in such cases, 

er, they can always bo rendered couapicuous under the 

w>^ by means of acetic acid, which causes the white 

f Pig. Sfi'. Filuuents of areular (iseiie, in h,Tger aad Bmaller 
jidcr a magnifying jmuet uf 100 diiuusters. Twu or 
e reprcBcnlcci amonij lliem. 
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filsmente to swell tip and bocome iudistinct, whilst the 
yellow fibres, not being nffectod by that reagent, come theii 
more dearly into view (fig. 2C'). Under the microBeojie 




these fibres appear transparent and colourletis, with a Btroo^ 
well-define<l, dark outline. They are, morooTer, retnwk- 
ablo for their tendency to curl up, oBpecially at their brokeii 
ends, whioh gives them a very peculiar aspect (b), and in 
many parts of the areolar tissue they divide into branches 
and join or anoatomose with one another, in the same man- 
ner ai in the pure elastic tissue (n). Tliey differ among 
themaelveB vety widely in si?^, some being aa fine as the 
white filaments, others many times larger. They lie for the 
most part without order among the bundles of white fila- 
menta ; but here and there we see an elastic fibre, generally 
of great tenuity, winding round one of these bundles, 
and encircling it with several spiral turns. When acetic 
add ia applied, the fasciculus swells out between the con- 
stricting turns of the winding fibre, and presents a highly 
characteristic appearance (e). Thin remarkable disposition 
of the elastic fibres, which was pointed out by Hente, is not 
n certain parts of the areolar tissue ; it may bo 



* Fig. S3'. Magnified Tlew of areolar tiseiie |fram dlSweat parts) 
trwt«d with acetic ncid. The vhile fiUiuciitt are no longer sees, Mid 
the yellow or elutic Rbres with the nuelei come into view. At e, tbe 
elsalio fibre* vrod roDnd ■ bundlo af white fibrca, which is awollen oat 
tietween the Innu. 
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almjG ssea in that which Bcoompaiiiee the arteries &t the 
base of the brain. 

A few rounded and oval corpuscles (Gg. 35') and irregulnr CorpLtKina 
puiicloa are now and then met with in the intertiticeH of the 
tiffltw, and others are seen attached to the Burftice of the 
fikmentoiu bundle^ or in their interior. The former lire 
probably to be couEidered as belonging to the interstitial 
fluid. The latter, which are best soeu after the application 
of acetic acid (fig. 26'), arc gunurully supposed to be of the 
nature of cell nuclei ; roany of them are elongated and at- 
tenuated, and they often tippear dispoaed in longitudinal 
lexies on the surface of, or within the fasciculi (e). 

In reference to the oonstitution of areolar tissue, it may b« 
further remarked, that there ore other textures of the body 
which are made up of the same elements ; the tendons and 
ligamentH, the periostouni, and other hbrous membmues, 
belong to this class. 

A Tery different view of the atructure of areolar tissue has RslshBrt'ii 
been taken by Reichert, and adopted by Virchow, Donders, ^jJ^J^" 
ottd other distinguished histologists. It is maintained that 
the apparent biindlva cuniust of a tissue in reality amorphous 
or homogeneous, and that its seeming fibrillation is partly 
artificial, the result of cleavage, and jvartly an optical 
itlnaion, arising from creasing or folding. Certain cellular 
bodies with stellate processes lying upou and within this 
a matrix have been described by Virchow, and 
" corpuscles of the oonuective tissue " (Binde- 
gewebakijipercben). Thus, the areolar tissue is considered 
homologous with the intercellular substance of cartilage ; 
and the corpuscles, which appear to be continuous with the 
elastic fibres, are looked upon as corresponding to the 
cartilage-cells. Ou the other hand it is asserted by Henle, 
with whom firuch agrees, that these so-callod corpusolaB are 
nothing more than vocuitjus among the fibres. lu reference 
to the above view, which is still matter of controversy, it 
may be obfloired that fasciculi very probably occur, of which 
the fibrillation is incomplete, but there does not seem to be 
sufficient reason for denying that the bundles of the tissue 
generally are made up of real filaments. 

~ " "issue contains a considerable quantity of chmnioj 

■, utd oousequoiitly loses much of its weight by drying, crjiniwii- 

!■ kInuMt wholly resolved into gelatine by boiling in water. 
n acid causes it to swell up into a soft, transparent, 
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Nnmcmus blood-vaaacla are bcsd m the nreolar tismio after 
a minuto injection. Those for tho most part only pan 
through it oa their way to other more vasculiLr textures, but 
a few seem to end iu capillaries destined for the tissue itael^ 
and dense cluatei-s of vessels are distributed to the fat lobolea; 
Lai'ga Ijmphatic vessels proceeding to distant parts abo pan 
aloug this texture, arid abundant lymphatic uctworks may 
be discovered in maiiy pMte of the suboutaneous, subseroui, 
luid submucous areolar tiaaue, having evidant relation to the 
function of the membranoa under which they lie. Absorptioo 
readily takes place from the interstices of the texture, hot 
that process may be effected through the agency of blood- 
veitseis ss well ns of lymphatics. 

Larger and smaller branches of nerves also tmverse Uiit 
tissue on their way to other parts ; but it has not bem 
ehowu that any remain in it, and accordingly it may bo cat in 
a hving animal apparently without giving pain, except when 
the instrument meets with any of those tvaversiag branches 
It is wot improl>able, however, that nerves end iu those 
]jarts of the areolar tissue which, hke that of the scrotum, 
contain contractile fibres -, but, if present in such casM, 
the nerves, like the vcbsoIb of the fitt, ore, after all, 
deatineil not to the areolar tissue but to another mixed 

The physical properties of this teiture have been suffici- 
ently indicated in the foregoing description ; also its want 
of sensibility. The vital contractiUty ascribed to certsin 
portions of it is most probably due to the presence at 
muscular fibres. 

The areolBT tinne ia derelopeil from a blaBUma cantiumag Cells (U 
avM, but tho prooen ii not jet full; uadersMod. Schvami sanpaMd 
thai tlie cells leDgtheued uut and then Bplit up ioto bundles or fibrili. 
It has ■ubneqneDtlj' been more generally held that the white fiiwicvli 
are pn>duced bj SbrillBliaii of b&ads farmed 1); bbe iuterceltnlar btai- 
tenia, Khilat the yellow or elsstic fibres are guatrated by the eluDfatioi^ 
runificatioD, sud unioa o( the aells. Kdlliker, however, eutertaiiua 
view mure iu aoaordance wilb that oTSghwann. Ha calln atteutim U 
the fact that in jguug or uascant aieoUr tissue there in a large ^moiiiit 
of a soft lulntance of gelatiooUB aspect, Uwugh not allied to gelatine in 
its ehemiral ualure. Fait of the cells coutaiaed iu this soft uiatteran 
lengthened out aud break ap into the wliite fibrils of the future tiarae ; 
asd in this way a network reenlts, in the meshes oC wliieh the aoft 
snbitauca or matrix and the rcaiainder of the formatiye cells an 
contained. Saw cells then proceed from tho matrix, which tboitl^ 
diminishes in quantity, and fresh bandies of tissue arts furtned from Ibo 
cells. Another portion of the cells beoome lengthened outj tamified, 
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njul M)Uie?ted together, uwl Uins gJTe Hae to ibe jtUow or elmlJo 
Dims. The toft matrix Goallj disappears &Dn] the areoltu' tiune 
TrHraDj ; but in that which is eont&inetl in tb? umUJiakl cord and 
l^^wveo the chDrion uid amnion, it ranaing. and id the rormer eitiu- 
linn ha* bevD lung knavu u the "jelly of Whoiton." We may here 
add that the areolar lj»ue ondeipaes a change io cliemica] natare in 
tin eoane of iu derelopment ; for irhen (he immature tiune a boiled 
in onter. Ften for a Ion; tim«, a coDuderable part lemaim) nudiisalyeil, 
tad the matter extnul«d froTa it in not gelilio, bat agrees Ter; nearly 
in ebcmiotl charaetera with the animal principle niuned "pyin." Per- 
feelly-funnuil areolar tirane is found in the iipinal region and mme other 
jarU, aa esHy ai the beginning of the fourth munth of intra-Dtoiua 
iHe I hat fiociculi are met with even in the adult, in which it Deems 
probable (hat Gbrili are not completely detelopcd ; in such cafea the 
baadle appear* to be merel; Mriped or flutol longitudinally, and not 
diiid«il into diitinct threade. 

Vitb the exception cf epithalium, no tinue ii lo readily regenerated Regmem 
aa tba aieotar. The procen uf reprodactioa aeemt t« be eHEUtially the ^on. 
anx u that of ita original fonuatiOB in the embryo, the blaatenia 
bEiBgin thia com derired from the blood in form of efFuaed lymph. In 
_ liiif waj areolar tinuo ii formed in the healing of wunndii and in the 
inflamed buHiukji. It IH produc«il ideo in many morbid 



FIBROOS TISSUE. 

[ ISua BobetAnce ie oue of thoite which are terviceahio in the Osnand 
idjr on account of tlieir mechanical properties, being em- ]J"^'"*"' 
* U) ooDDect leather or to support and protect other 
It i* met with in the form of ligaments, connecting 
I tcigether at the joints ; it forms the tendons of 
I, into which their fluahj fibres are inserted, and which 
s to attach theau fibres to the bones. In ita investing 
aod protecting character it aaiiumes the membranous fonn, 
and amstitutes a class of membnuios termed " fibrous." 
mples of theiie are seen in the perioatoum anil pericbon- 
1 which coTor the bones and cartilages, in the dura 
c which lines the scull and protects the brain, aud the 
IB layer which streugthena the pericardinm, also in the 
!■ coat of the testicle and ovary, and the sclerotic 
> eye, which inclose the tender internal parts of 
Fibrous membranes, named " aponeuroses " 
ire also employed to eoTelope and bind down 
) of different Fegionn, of which the grent fascia 
I the muscles of the thigh and leg is it well-known 
I tendons of muacles, too, may assume the 
uded form of aponenroiiea, as those of the broad muscle* 
f the abdomen, wluch form strong fibrous layers in the walla , 
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of that cavity nod itild to tlicir strength. It thui a^ 
that tha fibrous tissue preHenta itaelf under two p 
forms, the faacicHlar and the nwmbranovi. 

Physical Propertia. — The fibrous tiaaue is white a 
lowish white, with a shining, silvery, or nacreous aspect. 
It is exceedingly strong and tough, yet x*Heotly pliant; 
bnt it is almost devoid of extonaibility. £y these qo&lities 
it is admirably suited lo the purposen 1« which it is applied 
in the animal frame. By its inextenaible di&raoter it maio- 
toiDB in apposition the parts wliich it connects against any 
severing force short of that sufficient to cause actual rupture, 
and this is resisted by its great strength, whilst ita flexibility 
permits of easy motion. Accordingly the ligaments and 
tendons do not sensibly yield to extension in the strongest 
muscular efforts ; and though they sometimes snap a;nmiler, 
it is well known that bones will break more readily than 
tendons of equal thiokness. The fibrous membronea are 
proportionally strong and alike iuextanaiblc ; they will 
gradually yield, it is true, when the extending force ads 
slowly and for a long time, as when tumours or fluids slowly 
gather benonth them ; but perhaps this gradual extension is 
accompanied witli some nutritive change affeoting the pro- 
perties of the tissue. 

Structure, — The fibrous tissue is made up of fine filaments, 
agreeing in all re^peets with the white filaments of the 
areolar tissue already described. Like these they are col- 
lected into bundles, in which they run parallel and exhibit 
the same wavy character, cohering very intimately. The 
bundles appear to the naked eye a* fine ehiniog threads or 
narrow flattened bands, for they vary greatly in thickncas. 
They either run all In one direction as iu long tendons, or 
intersect each other in different plsues as in some aponen- 
rosea, or they take various directions and decussate irre- 
gularly with each other as in the dura mater. A variable 
amount of dense areolar tissue lies between the larger 
, fasciculi ; very httle in tendons, more in some fibrous mem- 
branes. The filaments swell up and become indistiuct when 
acted on by acetio aeid, like those of oi'eolar tissue, and here 
also the acid discloses the oxisteuce of nuclei, and of elastic 
fibres, intermixed in small proportion M-ith the rest of the 
tissue. 

The surface of a tendon or of any other part consisting of 
this texture, appears marked across the direotion of the 
faidouli with alternate light and dark streaks, which give it 



a poonliar aspect, oot anlike that of n wntered ribbou. This 
^peoranee is owing to the vrayy couibq of the filamoDts, 
tar when the light fiilla on them their bendingB naturally 
p.\e rise to alteninte lights and Hhadowa. 

The fibrous and areoiar tissues thus agreeing in their Tranndon 
iilttiDat« rtructure, it is not to bo wondered at that some- J^^"""'" 
time* the limits between the two should be but ill defined, 
and that the one should pass by inconspicuous gradations 
into the other. Inatauces of such a transition may be seen 
in many of the tascira ; these at certain parts consiat of 
d«iue Mvolor tissue, but on being traced farther are seen 
gndually to take on the fibrous character ; and we often 
see tiiAt fascioa which tu one body are merely areolar are 
decidedly fibrous in another. 

In chemical constitution also tlie fibrous tissue is similar Chemlul 
to the areolar. It contains about two-thirds of its weight J""?'"'" 
£ water ; it beoomes transparent, hard, and brittle, when 
but readily imbibes water again and i^aias its 
J properties. It is resolved into goUtiu by boiling. 
' The fibrous tissue receives blood-vessels, but in general Binod-vei- 
^ej ara inconaidenible both in number and size compared "''■ 
wttJi the mass of tissue to which they belong. In tendons 
and ligamenta with longituilinal faaciculi, the chief branches 
of the rcasels run parallel with and between the larger 
uicllli, and, sending communicating branches across them, 
mtually form a very open network with large oblong 
ihss. Eouic fibrous membranes, as the periosteum and 
a mater, are much more vascular ; but the vessels seen 
V these membranes do not strictly belong to them, being 
d for the bones which they cover. The lymphatics 
p fibrous tissue are not sufficiently known to be spoken of 

b certainty. 

P As to nerves, their general existence in this texture has serrn uk 
t been sutisEwitorily demoimtrated by anatomical iuvestiga- """iii'itj 

Recent inquiries into this subject have shown that 
a unaller tendons contain no nerves, and the larger only 
1 nervous filaments as accompany and belong to the 
; and the same is true of the ligaments. The fascia 
1 the sheaths of tendons are also destitute of nerves. On 
e other hand, fine nerves have been traced in the inter- 
eons membrane of the leg, and nervous filameuts are even 
mdant in the periosteum, but the majority of them do not 
g to the membrane itself, but are destined for the sub- 
mt bone. Nerves have also been traced in the dura 



YELLOW OR ELASTIC TISSDE. 

outer ; some accompany the vesaels, others appear destinB^ 
for the membrane itaelf, and others agaio for the bone*. 

It hu been proved hy uuioerouB observations niid ex- 
periments, that the tendous, ligaments, and other structure* 
oompoeed of fibrous tiasue, are, in the henJthj' state, quite 
insensible ; but then it is known, od the other hand, thit 
they occBUon severe pun when inflaineil, whioh cannot wdl 
be accounted for on the supposition that they are entirely 
destitute of nerves. Bichat, vbile he admitted their iu' 
senidbility to cutting, burning, and most other kinds of 
stimuli wliich cause pain in Eensible textures, ascribed to 
them a peculiar sensibility to twisting or to violent extension, 
and this opinion has been supported by other authorities of 
weight, but the proofs of it are not clear. 

This texture is developed in the same manner u the 
areolar. It is said to want at iirst its sliiuing aspect, and in 
its early condition it is more vuaaular than afterwards. 

It readily heals and unites when divided, oa is seen iu 
'■ cases of broken teudo A eh ill is. From experimenta on the 
lower animals, it appears that blood is efiueed in the 
first instance, but soon gives place to coagulable lymph, 
which surrounds the divided ends of the tendon and fills up 
the space between them. Fibres and blood-vessels are then 
formed iu the lymph, probably in the same manner aa in the 
original process of development, and the uniting roata 
gmdually ocquirns consistence. Its fibres are irregularly 
interwoven, and it wants the lustre of the rest of the tendon, 
bnt is equally strong. Fibrous tissue is veiy generally pro- 
duced OS a uniting medium of broken bones when osseoni 
union fails to take place ; it is common as a diseased pro- 
duction in various kinds of ti 
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Whilst the fibrous tissue is remarkable for ita want of 
extensibility, and owes its usefulness as a constituent of the 
frame in a great measure to this circumstance, the substance 
we have now to consider is characterised by posseasing this 
property in a very high degree, and is employed wherever 
Ml extensible and highly elastic material is required in thA 
animal structure. 

Examples of this texture on a large scale are seen in the 
hone, ox, elephant, and other large quadnipeds, in which it 
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funu Ui« givM eliuitic Hgunetit, called UgameDiuiti nuohai, 
that extends &om the apiues of the verU-'brte to the occtput. 
and 4ida in sostaming the head ; in the same auimols it also 
fonns an elaatic snbcutaneous &sciB, which is spread over 
tbe muscles of the sbdomen and assists in supporting the 
lUmts of that cavity. In the human body it is met 
chiefly in the foUowing utuations, viz. : — 



FonniDc the liauneDla RntidsTa, uriihli txUad betir«ii the arches 
•f*djseeat vertebne : thew ligamenla, while thej pcnajt the bones to 
1h dnwn Kfart in flnion of the bodj» aid In rsstH^ring and mainteinia^ 
timi habitiial approiiinatdin) in the erect pnstort, — ao br, therefoni, 
rflicritig the mmtant effort of tlie erector musoles. 2. CoDstitntiug 
the chhrf' part of the sljlohjoid, thjrohiiDid, aod orlrothrrotd liga- 
mratar tluae nsmcd the vocal oordii, and the siupensory ligament of 
th« fitat. Alw eitending, in fonn of LongitniiiDal biuids, noderocttth 
Uta mocBus m^nibmie of the windpipe and its mmiGcstionBi. 3. Ka- 
tcnuit aluui; with other teitnm, iDto the fannatian of the coats of Ihs 
H III ■■■mill espedall; the arteries, and conferring elnEticritr on tfaeee 
tafaaSL I. Beneath the mncons membnuie of the gullet and lower part 
of Ifcanotam, also in the tinae wbJch surrDnnda the muBcalar ooat of 
the gnUci exteroallj. S. In the tissue which liea under the serous 
DUtabniMe id certain pvts. 6. In many of the faai'iie, where it is 
mixed with much areolar tissue. 7- In cuaiiderable qnanti^ in the 
lisnw of Uh skin. 

Tlie elastic tissue in its purest and most typical pi 
coaditiot], such as ia seen in the Ugameutum nuchffi of ^ 
qaadmpeds and the ligamenta subflaTB of the human 
sjmie, has a yelloir colour more or less decided ; it is ezten- 
idble and ehtstio in the highest degree, but ia not nearly so 
strong as ordinary fibroua liganieu^ and it bronka acrues the 
direction of its tibrea when forcibly stretched. Its fibres 
may be easily torn separate in n longitudinal direction ; 
they are often gathered into irregular fasciculi which run 
ude by side but join at short distances with one another, 
and are further councclM by areolar tissue, which is always 
intermixed with them in greater or less quantity. Elastic 
ligaments are also covered outwardly with a sheath of 
areolar tieiue. 

Wlien the elastic fibres are misml up with a large pro- x\ 
portion of some other kind of tissue, their yellow colour '^ 
Djay not appear, but tht-y can always be recognised by 
their microscopic characters. When viewed under a tolerably 
high magnifying power, they appear quite transparent, with 
a remarkal'ly well-defined dark outline (fig, 27'). They run 
by side, foUowing a somewhat bending course, but with 
and wide curves, unlike the undulations of the white 



a CAKTILAGE. 

the conBhwnmg force U witliiLrawn. B; reason of thew 

UBclmnicnl propei-ties, it is rather exteiLMvely ueed in the 

construction of the bodj. Its Hpecific gravity ii 1'15. 

Where In the eftrly embryo the akeleton is, in great p&rt, ortils- 

Te'mpimuT ginous ; but the cartilage formiug its ilifferant pieces, which 

^rtilogo. have the outward form of the future bones, in doe time 

undergoes ossiScution or gives plw^ to bone, in the gie&tet 

part of its extent at least, and hence thia variety of csrtilikge 

ia named "temporary." 

Pormnnijiii Of the permanent cartilages a great many are in immediate 

e»rtU»BBa. Qonneiion with bone, and may be still said to form part of 

tht) skeleton. The chief of these are the articular and the 

costal cartilageH ; the former cover the ends or surface* of 

bones in the joints, and afford these harder parts a thick 

^^ springy coatuig, which breiiks the force of concussion and 

^^U gives ease to their motions ; the costal or lib-curtilsgeB form 

^H a conaideiable part of the solid friunework of the thorax, and 

^F impart elasticity to its walls. Other permanent cartLlagw 

enter into the formation of the external ear, the note, the 

eyelids, the eustachian tube, the larynx, and the windpipe. 

They strengthen the Bubatance of these parts without uudne 

rigiditjc ; maintaining their shape, keeping open the paaasgc* 

through them where such exist, and giving attachment tn 

uioviug musules and connecting tigamonte. Many of these 

have the form of plates or hunelto of greater or laa 

thickness, and have thence been called " membnuiifbnn 

cartilages ;" but to some of them the tenn is scaroety 

applicable. 

PorichDo- Cartilages, except those of the joints, are covered ei- 

<lrtuin. temally with a fibroua membrane named the ptrichondriiM. 

IntimUs When a very thin slice of cartilage is examined with the 

itmcturo. microsoope, it is seen to cansist of nucleated cells dit- 

BHiniuuted ia a solid mass or matrix. (Figs. 26', Sft 

and 30'.) 

itetiii. The m&trix is sometimes trunaparent, and to oil appeoi^ 

anoe homogeueoua ; in other instances it is dim and faintlf 

granular, like ground gloss, and in some varieties of cortiii^ 

it is pervaded by fine fibres. 

CbIIi or The cells, named also cartilage corjiusclos, are contained in 

twrputolti. 1(q11o„ cavities, or laouns, in the matrix ; and occasionally 

they do not fill these lacuna;, so that there is seen a vacant 

apace between the cartilage cells and their containing cavity. 

In some instances the cavity ajipears to be lined by a fine, 

homogeneous membnue. 
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Brandt and Bmch maintain that this apparent membranons lining 
ii the result of optical illusion. Huxley, Leidy, and Remak are of 
opinion that it is only the limiting surface of the intercellular sub- 
■tanoe ; whereas Kaufmann has recently stated, that by boiling for 
some hours, the membrane may be distinctly demonstrated, although 
invisible before; and that by treating the boiled cartilaginous tissue 
with diluted sulphuric add, the intercellular substance may be entirely 
destroyed, the membranes remaining, with those enclosed elements, 
which, in the fresh state, were seen as the contents of the cartilage 
cayity. 

The discovery of the '^primordial utricle" of Mohl, and the de- 
monstration of continuity between the yegetable true cell-wall and the 
interoellular substance, hare modified the views entertained as to the 
sigBification of the cartilage-cell, and Remak and Leidy have accord- 
ingly maintained that the cartilage corpuscle is homologous with this 
primordial utricle. Mr. Huxley, who has discussed the question in a 
yery interesting manner in the paper already cited, carries out the 
analogy to its furthest point, by urging that ihe limitary substance of 
the cartilage cavity is continuous with the chondrinous intercellular 
matrix, which he proposes to term '* periplast," and homologous with 
the cellulose-wall of the vegetable tissues. The vesicular body con- 
tained within the periplast, Mr. Huxley names the *'endoplast," and 
he fully agrees with Remak and Leidy in considering it to be the 
homologue of the primordial utricle, with its granular contents, and 
nucleus. 

The nuclei, which may vary from -^rfjjjj to ^75^^^ of an inch Nuclei of 
in diameter, are round, oval, angular, or irregular. They }^^2Sl 
are granulated or smooth on the surface, and they some- 
times, though not often, exhibit one or two nucleoli. 
Sometimes the nucleus contains fat globules, or is entirely 
converted into fat. It is often difficult to say whether a 
body contained within a cartilage-cell Ib its nucleus, or 
merely the granular contents which have shrunk away from 
its sides and formed a mass of the same shape as the cavity 
itself, in which the true nucleus is concealed. 

The cells are rarely dispersed singly in the matrix ; they Arrange- 
nsuaUy form groups of different shapes and sizes. Towards ^J^ °^ ^^® 
the surface of the cartilage the groups are generally flattened 
conformably with the surface (fig. 29'), appearing narrow 
and almost linear when seen edgeways, as in a perpendicular 
section. (Fig. 28', a.) The cells in a group have a straight 
outline where they adjoin or approach one another, but at 
the circumference of the group their outline is rounded. 

Such is the structure of cartilage in general, but it is more 
or less modified in the several varieties of the tissue. 

In articular cartilage, the matrix in a thin section appears structure of 
dim, like ground glass, and has an almost granular aspect, cartilsges. 
The cells and nuclei are small ; the latter are commonly 
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veaicular, tmd parent-cellB may frequently be seen enclonng 
two, four, or oveu more younger celia. The groups whiiA 
they fonu are flatteneil at and ueor to tlio surface and lis 
parallel with it (fig. 28', a, mid fig. 29') ; 



Fig. 28'.' 




Fig. 29'.t 







thu Uoue, on the other h&uJ, they are narrovr and oblong, 
like short Htriugs of beads, and are luOBtly directed Tertioall^. 
(Fig 28', b i fig. 30.) It ia wall known that articular outi- 
lages readily break in a dirM^ion jierjtendicutar to their lor- 
fkce, and the surface of the fracture appears to the naked 
eye to be striated in the saxne direotinn, as if they b»d a 
columnar atructure ; this haa been ascribed to the vertical 
arrangemeut of the rows of cells ; but, in fact, both the 
arrangement of the cells and the direction of the fractnn 
are the rexult of a, fibrous or columnar structure, latent in 
the matrix (Leiily). The free Burface of articnlftr cartilage 
I- is sfud to bo covered with epithelium continued from that 
of the synorial membrane, a thin stratum of areolar tisme 
being interpofted ; but the existence of such a ooTaiing il 

' niugmin representing a Tertinkl Hclion of articular Mitilaea, mm 
with a low ma^Lrying power, a. Flnttened gniupa of cells Deal tht 
soriace. b. Oblong groupa, (or the most part directed TerticoUj. e. 
Part uf the bone. 

t A tliin Uf er peeled olT from the aur&ce of the eartUsge of the Lead 
of (h* bumaroB, allowing flattooeil gruagw of eelU. Tbe nuclai are ili*- 
Unotl; enmi, but the limiu of the oeUa where chej adjoin one anotber 
are but fainll; indioated. MagnitSed 100 diaineiera. 




iy not gouenil, at least iu the adult. It u easy, no 
ta peal off a thin film from the Burfaoe of tha caftiiage 




of the head of the humerus or femur ; but this aupeificial 
r U really part of tha cartilage, and its broad patuhes of 
I with the intermediate matrix are not to bo mistaken. 
e fig. 29'.) Xt the same time, it is true that near the 
n of these cartilages a layer of fine fiLunentouB tisiue, 
1 with epithelium, is prolonged a cortain way orer 
ir nu&oe from the aynoviol membrane. The matrix of 
" ir cartJlsge, rarely, or perhaps never, becomes pervaded 
t fihrea like those seen in rib-cnitilage, nor is it prone to 

oHify. 

In the cartihiges of the ribs, the corpuscles or cells which atnielan 
aie of Urge siae, are also collected into groups. Near the tikg*. 
exterior of the cartilage they are flattened, aud lie parallel 
with the mrfaci', forming a superficial stratum from ^j^ to 
y^g of au iuch thick. As to those situated more inwardly, 
«« can sometimes observe, in n transverse slice, that they 
form ohloug groups disposed in lines radiating to the circum- 



■ miuB ibaped like itself 1 



ference ; but tlus nrTangemeDt is not confltaot, and tbty 
often appear quite irregulAT. The cells, vitli the exceptioi 
of thoBe lying upon the surface, commonlj cuntain larger or 
Bmaller drops of oil ; and the nucleus being genernlly luulia- 
cDYerable, it is supposed to have undergone a fatty meta- 
morphoais. The matrix is tolerably olear, except where 
filires have been developed in it, in which puta it is opaijue 
and yellowiBh. Such fibrous patches are vety frequent \ the 
fibres are fine, straight, and parallel, appearing tmnapuent 
when few together ; they witlistanil the action of acetic 
acid. It is common to find the rib cartilages eztensirelf 

It was observed by Herissant * that the costal cartilages, 
after many montlis' maceration in putrid water, would 
sometimes break up into thin plates, directed across the axil 
of the cartilage ; from which he inferred that these cartilBgeB 
were naturally made up of such transyeise lamellra : bnt 
the point does not appear to have been further investigated 
of The deHcription given of the microscopic characters of the 
costal cartilages will apply with little vuriation to the eusi- 
form cartilage of the sternum, to the cnrtdagDB of the larjni 
and windpipe, except the epiglottis and comioula laryngis, 
and to the cartilages of the nose. With the exception of the 
laat, these rteemble the rib cartilages also in their tendency 
to ossify. 

The epiglottis and comicula, the cartilages of the ear and 

inch from the foregoing, both in 

intimate structure and out- 



of the eyelid, dilfer s 
Pig. 81 '.t 




fibres resist the action of acetic 



ward cbnrstster)), that thtj 
have been included in li cUa 
apart, under the name of the 
" yellow " or " spongy " cw- 
tilagea. These are opaque 
and yellow, are more fleziUe 
than the ordinary cartilages, 
and have little tendency to 
OBsify. They are made up of 
cells and a matrix, but the 
latter ia everywhere pervaded 
withfibres. (Fig, 31".) The* 
they lire in most part* 



• Mum. J« I'Acsd. des Sc. de Paris, 1748. 
■p Section of the uplglottiB niagnifieil 380 diametem. (After Bolj in 
Mailer's Phjiiologj, pkge 3B1.) 
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Aart, itnught, and confusedly iateraoctisg eadi other iu all 
dinctiotu, like the fltomcnta in a piece of felt ; iii Bucii parts 
ibe matrix has a rough indistiitctly granular look. Here 
and tiiere the fibres are longer and more fasciculated, bnt 
itill isMrlace at short distancea. In this aoctiDUS the cells 
randily drop out from the inatTiz, leaving empty the caritiee 
whiuh the; occupied. 

The characters of the tcmpomry cartilages will be given 
in Ibe ao.'ouiit of the formation of bone. 

No nerves have been traced into anj of the cartilages, and ai 
tliey »re known to be destitute of sensibility. ■" 

Is the healthy Btat«, no blood-vessels penetrate the articular Vi 
eartUaSee. Whatever nutrient fluid they require seeius to be "" 
dorired &Dm the vessels of adjoining textures, especially the 
bone, and to be conveyed through the tissue by imbibition. 
In th« embryo a layer of vesaels is prolonged some way over 
—jtlie rai&oe, ondemeath the synovial mi'mbraoe ; but, as 
vloinuent proceeds, these subsyDovial vssst-ls retire towards 
t olTcaiaference of the cartilage, and eventually form a 
r TMCular border round it, which has been named the 
oItu aitiouli vasculoBus. 
f When the tianie exists in thicker masses, as in the corti- 
a of tbe riba, canals are excavated in its mtbstance, along 
reaada are conducted to mijiply nuurishment to the 
> distant to receive it from the vessels of the peri- 
londrium. But these canals are few and wide a[iart, and 
9 veasels do not pass beyond them to ramify in the inter- 
1, which is accordingly quite eitra- vascular. It 
it be further remembered resjiecting these vascular canals, 
1 many of them lead to 8pot« where the cartilage is 
j^ing ossification, and convey vessels to supply the 
my depuHtbi. 
I Ordinary permanent cartilage contains about three-fifths ci 
f its weight of water, and becomes transparent by drying. y° 
y bcnling it in water for 15 or 20 hours it is resolved into 
lliii is a substuiico said to gelatinise on cooling, 
ragh it may be doubted whether the congelation is not in 
lity owing to an admixture of gelatine derived from fibrous 
e not duly separated from the cartilBge, Like gelatine, 
indiin is thrown down from its solutions by tannic add, 
Dohol, ether, creosote, and corrosive sublimate, and not by 
i»te of potash. It differs from gelatine in being precipi- 
d by the mineral and other adds, the acetic not excepted ; 
a by alum, sulphate of alumina, persulphate of iron and ^ 
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acetate of le&d ; the precipitatea being solablo in an etcesB of 
the respective precipitanta. The temporary cartUagea are 
reaolred iuto a matter which has the chemical reactions of 
ohondriu, but doee not gelatinise. The yellow cartilage*, 
by several days' boiling, yield a amall quantity of the aame 
variety of chondrin. Cartilage a&brds by incineratioa a 
certain amount of mineral ingreilienta ; 3*4 per oeoL of 
aabea were obtained from ooatol cartilages by Fronuntera and 
Gugert, and 100 parts of these ashee were found to couuat of 

Carbonate of auda 35-07 ^^_ 

6a1j>hateoriMds 24-34 _^^| 

Chlunrleufgoilium 8-3S ^^H 

PhMphate of sodn 0-M ^^^H 

Bnlpbate of potnsfa 1*S0 ^^^H 

Carbaiate of lime U'Si ^^^H 

Pboaphate uT lime i-OS ^^^H 

PhosphAto of magnesia 6'91 ^^^^H 

Oxide of iron, sDd hxs I'M^^^H 

The process by which cartilage ia developed is Y«y in- 

perfecUy known. 

Nuoleated (wUs aro ueu in a traDiparcot intercelluUr aiilwlaoae or 
blantcma, verj Bparing ia quautity and muiJi softer tbaa the fbtnn 
matrix. The ceUs lojirineat ia namber anit eatarge in liie, though 
ia some ouks, u will ba expUined, their cavity ia lulaeqiicB^ 
luurownL Tbiir maltipiication may takd place by endo^aaooi 
geneiation ; that is, bj tbs praduetioii of jroang cella wiUun thaw 
alr^y eiilting, whilst the pariotea of the old ones become blended 
with tba mstrii ; or tbcj may iacieiue in Dumber bj the independent 
formation of new cells in the intervals of the old. Sehwana ocmndei* 
the latter to be Iba common mode, bat his otHaion is not that mixt 
leaenltj adopted. He slatee that new cella arise in the iateicellnlar 
aabrtance near the surface of the caitila^ and between the mart 
resent of those nlready formed (see Gg. S', *), and that free nucid ate 
fint generated in the mnaa and then the coll-wol) formed round thtm 
(flgi C, ' and '), The intermllular Bubstan<:e incnascii in quantity and 
aoqnirea greater conaistencj, and it< grovth contribulea more (o that tf 
the cartilage than does Uie mnltiplioation of the cells. Ito incrcaM 
may take place by the cell-walls becoming thickened and then mora oc 
Ism blended with the surronndlng mass as already described in the 
caie of the branchial cartilage cf the fish (fig. 6'), or new matttr 
may be deposited between the cells and independently of them ; sr 
both processes may be oambioed. As already BtaUd, the inatrii in 
many parte subsequentlj beeomes Gbrotu. affording an example of the 
production of fibres in amorphous matter without the inteirentioD erf 
dbUi or Dnolei. 

The vital changes which occur in cartU^e take place very 
slowly. Its mode of Dutiitton has been already refemd tt> ; 




PIBaaCARTILAOE. 

it ■■ rabject to alworption, luicl vfacD a portion is absorbed 
in dnease or removed by the knife, it ia not regenerated. 
Umo, when (racttired, w Kometiinee happens with the rib- 
arl^agea, there is no re-uiiioii by cartilagiDona matter, but 
■be farokea taiface* become oounected, eBpedaUT- at their 
dremnference, by fibrvnis or densa u«olar liisue, often by a 
bony cUap. 



PIBKO-CAETILAOB. 

This is a Bubstance conaistiiig of a inixtare of the fibrous lugmeml 
•ad cnrtilaginonB tissues, and so far purtoking of the qitalities '' ' 

of both. like esrtiUgti, it po«aesBeB firmness oud elaaticity, 
> united with a much greater dogroe 
lougUnesB. It pieseuts itself under 
, which mxy be enumerated under the fol- y 



praporiiw. 




r fibro-cartUages. These are interposed 

ia moving surfautis of bones, or rather of articular 

] of the joints. They serre to ■"»i"^iti 

te opposed HuriHces in their various motions, 

to pve eaue to the gliding movement, and to moderate the 

efiecta of great prewore. lu the joint of the lower Jaw and 

in thkt at ihe cla*icle they hare the form of round or oval 

1, groiriug thinner towards their centre ; in the knee- 

it they are curved in form of a BJcfcle, and thinned aw^ 

■ their concave &ee edge. In all cases their surfacea 

B free, while they are fixeil by synovial or fibrous membrikue 

f their circumference or eitremitiee. The synoi'ird mem- 

e of the Joint, or at least its epithelial coat, is prolonged 

a short distance apon these fibro-cfirtilagos, from their 

i margin. 

2. The articular cavities of bones are sometimes deepened 

uul ext«Qded by means of a rim or border of fibro-cartilage. 

A good exniuple of one of these Hrcuinfercntial or marginal 

^An>-«ftrtilagM is seen in the hip-joint, attached round the 

^■1 of the cotyloid cavity. 

^^KS. Connecting fibro-cartiloges Eire such tiB pass between 

^0a fti)jacent snr&ces of bones in Juinta which do not admit 

at gliding motion, as at the symphysis of the pubes and 

between the bodies of the vertebr». They have the general 

fbrm uf disks, and are composed of concentric rings of fibrous 

) with cartilage interposed ; the fanner predominating 

le circumference, the latter increasing towards the 



lougiaiL 



centre. The modifications which they preaent in parliciUnr 
inatanceB are describod iu the special anatomy of the joints 

4. The bony grooves in which tendons of muBclea glide 
are lined with a thin lnyer of fibro-csrtilage. Sma.11 nodules 
of this tissue (sesamoid fibro-cnrtilages} may also 1 le developed 
in the Bubstaace of tendons, of which there ia an example in 
the tendon of the tibialis posticus, where it paases beneath 
the head of the astragnUis. Instly, fibro-cartilage is 
sometimes connected witii muscnlor tissue, and gives Attach- 
ment to muscular fibres, like thnt which ia known to exist 
at the orifices of tlie heart. 
Fibro-cartilago appears under the microscope to be made 
up of bundles of fibres, like those of ordinary ligament, with 
cartilage-cells intermixed ; but the proportion of the two 
elements differs much in the different instances above 
enumerated. In general the fibrous tissue very greatly 
predominates, and in some cases, aa in the intenulicular 
larainne of the knee-joint, it constitutes almost the entire 
atnioture. In the iutervertebral disks the cartilage oorpm- 
cIba are abundant towards the centre of the mass where 
the cartilaginous tissue prevails, and the substance is softer. 

In chemical composition this texture agrees most with 
ligament, yielding gelatin when boiled. 

Its blood-vessels are very few, and, according to Ht. 
Toynbeo,* are confined to the parts that are fibrous. Its 
vital changes are alow ; it b subject to absorption, but mn^ 
leas readily so than bone ; hence it is no uncommon thing 
to find the intervertebral diflks entire when the adjacent 
bodies of the vertebrce have been destroyed by disease. It 
has not mudi tendency te ossify. 

Little ia known oonoeming the mode of development of 
fibro-cartilnge. Mr. Toynbee concludes from hia researcbec 
that the cartili^nous element is relatively more abund^^^ 
at early periods. ^^H 



BONE, OR OSSEOUS TISSUE. ^H 

The bones are the principal organs of aupport, and the 
passive instruments of locomotion. Connected together in 
the skeleton, they form a framoworlt of hard material, whic]i 
afibrda attachment to the soft parts, maititnius them in their 
due position, and shelters such t» are of delicate stnictnre, 

• Phil. Trans. 18*1. 



giring stnbility t« the whole fabrio, utd preHerving ita 
ihkpo ; otid the dlfil-rent pieces of the sketeton, being 
Jointed inoveably tt^ther, serve alito aa leveis for executing 
the ntovementu of the borl}'. 

lu their outward fonuB the bones present much diTermtf, 

hot h»Te be«n reduced by anatomists to the follovdng [ 

—1. Iiong or oylindrieal, such as the chief bones of . 

B Umba. These coniiUl of a iHKly or shaft, eyhndrical or 

> frequently ao^^ular in shape, auJ two ends, or heiuls , 

I they are often called, which are usually much thicker 

Uuui the shaft. The heads, or ends, have smooth aiirfaces 

fcnr articulation with neighbouring houea. The shaft is 

hollow oucl filled with nuuTOw, by which anfficient magui- 

e and atreugth are attained without undue increase of 

. Tabular or flat bones, like the scapula, the 

m, the ribs, the lower Jan, and the bones forming the 

)f and aides of the scull. Many of these contribute to 

k the walla of cavitias, 3. Short bones, often al»o 

d round bonos, though most of them rather are angular ; 

B wrist and tarens aUord examples of these. 4. Irregular 

1 bones, which would, perhaps, be better Uftmed 

Dompks ;" such as cannot be entirely referred to any of 

I foregoing class&s. These are mostly situated in the 

a plane, and have a complex but symmetrical figure ; 

verl«bne may be taken as instances of them. 

« of bones present various eminences, depres- 
KiB, and other marks ; and, to designate these in descrip- 
e osteology, certain genorid terms are employed, of which 
t foDowing are those most commonly in use. 
' ~ ' s. To any prominent elevation jutting out 

D the surface of a bone the term "process" or " ap 
Is applied. It often happens that such a. process 
oijgiaolly ossified separately from the nut of the bone, and 
remains long unconnected with the main body (by osseous 
union at least) ; in this condition it ia named an "epiphysis." 
In many bones, eonsideiable portions at the extremities or 
moat prominent ports ore originally ossified separately as 
(^iphjBCS. This is the case with the ends of the long 
bones, and in this instauce the shaft is named the 
' ' diaphyais. " 

Processes or apophyses are farther designated according to 
their difi'erent forms. A slender, sharp, or pointed eminence 
i« named a "spine" or "spinous procssa ;" a tubercle, on 
> other hand, is a blunt pruuuneuce ; a "tuberosity" 
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a BONE. 

TubfTonity. (tub«r) ti broader ia propartion to its alevaticni, and hu a 

Crest. rougli Tiuevon Biiriace. Hie tenn " crost " is usually applied 

to the prominent border of a bone, or to an eleratian rumiing 

some wa; along ita Burfoco ; Imt the latter a more conunool; 

Uoe. danominated a "line" or "riilge." A "head" (caput, 

^Jjfj^ capituluiQ, or oapitellum) ia a rounded proocas, supported on 

Coodyla. a naTTower part named ita ueck (cervix). A " condyle " has 

been defined to be an cmiiKiiice bearing a flattened articular 

surface ; but this term has been vei; variously applied li^ 

anatomist! both ancient and niodem. 

CuTtiifB soil 2. CaTitiiiii and deproasiona of bonea. An aperture or 

dopreuioiu. perforation in tie Bubatanoe of a bone ia named a " foramen." 

A pasaage or perforation often nins for some way id thi 

bone, and then it is terme<l a " canal " or " meatus." Qd 

FUmin. the other hand, it mtiy ruiBunio the form of a " fissure," and 

Fosu. ia named accordingly. A " fossa " ia on open excavation or 

depreaaion on the surface of a bone, or of a part of the 

akelston formed by sevend boues. A fossa may fona pvt 

of a joint, and be adapted to receive the prominent part of 

Gbnold nsd a neighboming bone ; it is then said to be "^enoid," wtm 

o^UbL shallow : but a deeji eicavatioii, of which the socket for llie 

head of the thigh-bone is au eiample, ia named a " outykdd " 

cantj. The meaning of the terms " notch " (inoaiin) 

and "groove" or " furrow" (aulcui-) ia sufficiently plain. 

siniimnJ "Sinus" and "antrum" arc names applied to certain laige 

cavitiea situated withiu the bones of the head and opening 

into the nose. 

Donj' Usus, jji tiio recent state, oones are covered with periostemn 

and 611ed with marrow : they alao receive veasob far their 

nutrition. These soft struotureB will lie noticed i:i due timo, 

but we shall in the tirrt place consider the proper bony 

substance. 

I^r^ Bone has a white colour, with a pink and slightly bloUh 

tint in the living body. Ita hardness is well known, but it 

also poesessos a certain degree of toughness and elasticity ; 

the last property is peculiarly well marked in the ribe. Its 

specific gravity is from IS" to 1-97. 

CheiDl»l It consiats of an earthy and an animal part, intimately 

UoD. combined together ; the former gives hardness and rigidity, 

the latter tenacity to the osseous tiasue. 
EMtJiyi>«ri The earthy part may be obtained separate by calcination. 
When bonea are burned in an open fire, they first become 
quite black, like a piooe of burnt wood, irom the charring of 
their aainiul mutter ; bat if the fire be continued with Icee 
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BONE. 

secEn tA sir, tfaia matter is entirely consumed, and tbey are 
reduced to » white, brittle, ch&lk-like EubsUDce, stiU pre- 
Mrring their originaJ sh^w, bnt with the loaa of kbout 
a third of their weight. The earthy constituent, tHerufote, 
o about two-thirds of the wi-ight of the bone. It 
:b principaUj of phos|ibate of lime, n-ith about a fifth 
p*Tt of carbou&te of lime, and much smaller proportionH 
of fiooade of calciiuu, chloride of soditmi, and magueaian 

BltL 

Hi« afiimnl constituent may be freed &om the earth, by .Vaimii 
■teeping a bone in diluted nitric or hydrochlorio acid. Bj '""^ 
this process the salts of lime are dissolved out, and a tough, 
flexible substance remains, which, like the earthy part, 
retains tlie perfect figure of the original bone in ita minuteat 
.l»t.;t. - gQ that the two are evidently combined in the mo«t 
intimate manner. The animal part is often named the carti- 
lage of bone, but improperly, for it difliirs entirely from 
^ n structure, as well as in jihysical projicirties and 
1 constitution. It is much softer and much more 
I, and by boiling it is almost wholly resolved into 
It may acconlingly be extracted from bones, in 
fotm of a jelly, by boiling them for a con^erable time, 
cspeciallj under high pressure, 

_ The ofllij or saline mstUr of boae, as already lUtaL oonstitnles Praportioni 
ihrat tWD-thirds or t)0'T per cent., and the aoimal psit one-thini Or of euthy 
■4 in- (oit. ; bat the bnues nf ohildieo, which are knOKD to be less mnti^^ 
> thate uf tflulu, yield more uumal matter, uid those of dlDBniQt 
mora earth. A differonoe, too, liss beea olwarml in uinnim- 
B of the ikflletun. Thus, aecurdiue to Dr. Bees, vhose ■'"■x'*!" 
e eoDBnned by the elaborate analysts of Voii Bibra, the 
■ of till head am) of the Urabs contain mare mrtb tbaa those of the 
It atai, huvever, remains to be deUrmined whether these 
I qiply to the CDDStitation of the bony matter strictly so 
whether tbey may not be occasioaed by the diffareat prupoi- 
» of mambranous suletaoce and other soft tiseues cootaiaed in (he 
minate earilia of bones, and nnt bo perfectly sepiinble from them as 
to laa*e • pare material for analysis. 
^_r. Sakjoined sie the stalemenu of two analyses. The one^ by Bar- Esrth; 
^HHlb^ is wsU knowB ; the other, whiiJi aculy agrees with it, was per- conailtuenU 
^^bad hf Itz. HiddletOD, in the kbomtury of University College.* ^^den^ 

^^V BeRsLiiia. Ulddlstoa- 

^^ A^aal matter SS'SO — 3a-43 

Fhoqihate oflune SIOl — Sill 

Cwbonate of lime .... ITSU — 10-31 
Flmiridearcatduni 3 00— 1-SB 

* Fhiloio|ihical Magtuiiie, vol. uv. p. IS. 
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BONE. 



Ikfagnes'iA, wholly or partially in the state 

of phosphate 
Soda and chloride of sodium 



BerzeliuB. Middleton. 
1-16 — 1-67 
1-20 — 1-68 



Structure 
of Bone. 



Compact 
and spongy. 



Arrange- 
ment m 
different 
bonea. 



The phosphate of lime is peculiar, and passes in chemistry under the 
name of the ** bone-earth phosphate." It is a tribasic phosphate, con- 
sisting probably of 8 equivalents of lime and 1 of water, with 3 eq. of 
phosphoric acid. The carbonate is said by Denis to exist in larger pro- 
portion in the bones of children. The fluoride of calcium is found in 
larger quantity in fossil than in recent bones, — indeed, its presence in 
the latter was lately denied altogether ; but since then, the original 
statements of Morichini and of Berzelius, to the effect that it exista in 
recent as well as fossil bones, have been satisfactorily confirmed.* 

On sawing up a bone, it will be seen that it is in some 
parts dense and close in texture, appearing like ivory ; in 
others open and reticular : and anatomists accordingly dis> 
tinguish two forms of osseous tissue, viz. the compact^ and 
the spongy or cancellated. On closer examination, however, 
especially with the aid of a magnifying glass, it will be found 
that the bony matter is everywhere porous in a greater or 
less degree, and that the difference between the two varieties 
of tissue depends on the different amount of solid matter 
compared with the size and nimiber of the open spaces in 
each : the cavities being very small in the compact parts of 
the bone, with much dense matter between them ; whilst in 
the cancellated texture the spaces are large, and the inter- 
vening bony partitions thin and slender. There is, 
accordingly, no abrupt limit between the two, — they pass 
into one another by degrees, the cavities of the compact 
tissue widening out, and the reticulations of the cancellated 
becoming closer as they approach the parts where the trans- 
ition takes place. 

In all bones, the part next the surface consists of compact 
substance, which forms an outer shell or crust, whilst the 
spongy texture is contained within. In a long bone, the 
large round ends are made up of spongy tissue, with only a 
thin coating of compact substance ; in the hollow shaft, on 
the other hand, the spongy texture is scanty, and the sides 
are chiefly formed of compact bone, which increases in thick- 
ness from the extremities towards the middle, at which point 
usually the girth of the bone is least, w^hilst the strain on it 
is there greatest. In tabular bones, such as those of the 

• By Dr. Daubeny, Phil. Mag. vol. xxt. p. 122 ; and Mr. Middleton, 
loc. cit. 



BONE. cxiii 

■kail, the compact tiasue forms two plates, or tables as they 
are called, indosmg between them the spongy texture, which 
io sach bones is usually named diploe. The short bones, 
like the ends of the long, are spongy throughout, save at 
their Buiiace, where there is a thin crust of compact sub- 
stance. In the irregular or mixed bones, the two substances 
have the same general relation to each other ; but the relative 
amount of each in different parts, as well as their special 
arrangement in particular instances, is very various. 

On dose inspection, the cancellated textiure is seen to be canceikted 
formed of slender bars or spicula of bone and thin lamellae, ^^^^^'v- 
which meet together and join in a reticular manner, pro- 
ducing an open structure which has been compared to 
lattice-work {canceUi), and hence the name usually applied 
to it. In this way considerable strength is attained with- 
out imdue weight, and it may usually be observed that the 
atrongeat lamina run through the structure in those diroc- 
tions in which the bone has naturally to sustain the greatest 
pressure. The open spaces or areohe of the bony net-work 
communicate fireely together ; in the &esh state they contain 
marrow or blood-vessels, and give support to these tender 
structureB. 

The compact tissue is also full of holes ; these, which are Compact 
very small, are best seen by breaking across the shaft of a *"*"•• 
long bone near its middle, and examining it with a common 
magnifying g^ass. Numerous little round apertures (fig. 
32', a) may then be seen on the broken surface, which are 
the openings of short longitudinal passages running in the 
compact substance, and named the Haversian canals, after Canals of 
Clopton Havers, an English physician and writer of the H*^«" 
seventeenth century, who more especially called attention 
to them. Blood-vessels run in these canals, and the widest 
of them also contain marrow. They are from j^j^th to 
f^th of an inch in diameter : I have measured some which 
were no more than ^^j^j^th, but these are rare ; the medium 
size is about j^th. The widest are those nearest the 
medullary cavity, and they are much smaller towards the 
circumference of the bone. They are quite short, as may 
be seen in a longitudinal section, and somewhat crooked or 
oblique at their ends, where they freely open into one 
another, their oblique communications connecting them 
both longitudinally and laterally. Those also which are 
next the circumference of the bone, open by minute pores 
on its external surface, and the innermost ones open widely 
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into the medullary cavity ; to thai these short channels oot- 
lectively fonn a sort of irregular net-work of tabta numiag 




through the compact tueue, in which the vesseh of oA' 
tissue ale lodged, and through the tnedtum of which tili^ 
vessels commimicate together, not only along the lengUl oE 
the bone, but from its surface to the iuterior, throngh the 
thickness of the shaft. The ciuioIh of the compact tissue in 
the other classes of bones have tbo name general cbaraoten, 
and for the most part run parallel to the surfaxs. 

On viewing a thiii tninsvereo section of a long bone with 

* A. Tnuisveiwt Bection of a bone (ulna) dqiriTod of ita earth bj «dd, 
Tbe upeuiugs uf the HaTstsiBD cuiak men. Nntaril si». A imall 
portion is shaded to indicate tbc part magnified in fig, s. 

a. Partof the s«etios A magnified 20 diataeters. Th« liaes indicating 
tht sonoentric lam«llK «» wen, ruid among them the connuDle) or 
UieaBM appear >a little dark ipecka. 




a nucTMCDiie of modente power, especially after the earthy 
pul h&B been removed by add (Gg. 32', u), the opening of 
eacJi Havendan canal appears to be Biurounded by a eerieB 
of concentric ritiga. This appoarauce ia occasioned by the 
ttsiiiY«t8e iectious of concentric lamella; which surround the 
vwtaiB. The rings are not all complete, for here and there 
one in»y be seen ending between two others. In some of 
the aeta tte rings are nearly circular, in others oval, — 
differuiom which eeeiu mostly to depend on the direction in 
which the canal happens to be cut : the aperture, too, may 
be in the centre, or more or lem to one eide, and in the 
latter case the rings ore usually narrower and closer together 
un the aide towards which the aperture deyiatus. Again, 
tome of the apertures are much lengthened or angular in 
ihi^, and the lamellic surrounding them have a corre- 
sponding disposition. Beaides the lamelltD BUrroundiug the 
Havenian canals, there are others disposed conformably 
with the circumference of the bone (fig. 32', B, a), aud 
which may therefore be suiil to be concentric with the 
jnedullaiy canal ; some of these ore near the surface of the 
othen mn between the Haveraian sets, by which 
' are interrnpted in many places. lastly, in varioua 
a of the section, lines are seen which indicate lamellte, 
lering in dinaction from both of the above-mentioned 
As to the circumferential laminie Messia. Tomes and 
a Morgan state that they are by no means so common as 
\ g<mei«Uy supposed ; further, that they are moat couspi- 
i banes of full growth, in which, oonacquently, 
nntritive changea proceed slowly ; aud that thoir pre- 
sence may be made the means of determining, within 
certain limits, the age at which a bone has arrived. These 
aiithon observe, that in young and rapidly growing bones 
the lamiuie are frerinently seen to have an undulating diroo- 
tion, which they consider as a Mgn that the tissue is under' 
going Hipid nntritive changes. 
^^B The appearance in a longitudinal section of the boue ia in 
^HBRnonj with the account above given ; the sactiouH of the 
^^BfaeU« are seen aa straight and iiorallel lines, running in 
^^pfia longitudinaJ direction of the bone, except wheo the 
•eetiou happens to have passed directly or slantingly 
across a canal ; for wherever this occurs there is sccd, as in 
a transverse section, a series of rings, generally oval and 
jDnch lengthened on account of the obliquity of the section. 
, The cancellated tuture has essentially the same lamellar 
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Btnicture. The slender bouy waits of its litUo carititts or 
sreolie ore miulu up of superimposed lameUx, like those 
of the RHreraian canalB (fig. 32', b, b), only they have fewer 
lamolliB in proportiou to the width of the cavities which tiej 
BuiTDund ; and, indeed, the relative amount of aohd nuttt^ 
and open apace conatttutes, an already snid, the only differ- 
ence between the two forme of bony tissue ; the intimate 
Btniature of the solid substance and the manuer of its dispo- 
sition round the cavities being esaoatislly the same in both. 

Besides the openinga of Haversian canals as above 
described, a transvene section of the compact bcais now and 
then presents vacuities or spaces formed by absaiptjoii oi 
the tissue. These are muuod " Haversian spaces " by Tome* 
and De Morgan, who first showed that they occnr not only 
in growing bone btit at all periods of life. lu their primi- 
tive condition these cavities are chaiacterised by an irregular 
or jagged outline, and their formation by absorption u 
further indicated by tlieir encroaching on the adjaorait 
groups of concentric lamulhe, which have been, as it were, 
eaten away to a greater or less extent to give plAoe to the 
new cavitry. In another stage the spaces in question are 
lined by new-formed lamellie, which may as yet be confined 
to the peripheral part of the vacuity, or may fill it up in ■ 
concentric series, leaving a Haversian aperture in the middle, 
and in fact constituting a system of concentric HaveraiBn 
lunellffi, interpolated or intruded among those previously 
existing. The concentric lamellte, which thus come to occupy 
a greater or less estent of the area of the cavity, are of 
course bounded exterioriy by s^menta of adjoining HaverEun 
lamellis, which have been more or less cut in upon in the 
excavation of the space. It has been further observed by 
Tomes and De Morgan, that vacuities may sometimes be seen 
which are being filled up at one part hj the deposition of 
lamelliB, whilst they ore extending themselves by absorption 
at another. The Haveiaian spaces are most numerous in 
young and growing bones ; but, as already stated, they 
occur also after growth is completed. Their origin and 
changes will be better understood after the reader faai 
perused the account of the growth and development of bone, 
to which head indeed the subject more properly belongs, 
although it has seemed expedient to introduce it hero. 

lu many of the osseous Limiute it is easy to reoognisc^ 
with a high power of the microscope, an outer, apjxireutl/ 
granular, and an inner apparently hamogeneous layer. 



s litde dark specks are Been Lmnin! 
J the Ijunellm. These were n&med the "osseous cor- '^•"P'" 
■» f bat as it is now known that they are in reality 
« cavities eiiisting in the bony (abstoDcc, the nnma of 
uue " has since beca more fittingly applied to them, 
e the lacnniB properly, however, sBctiona of unsoftaned 
mnBt bo prepared and ground Tery thin, luid n, nmg- 
ig power of from 200 to 300 must bo employctl. Such 
ion, viewed with transmitted light, has the appeorauco 
1 fig. 33'. The openings of the Haveraian 




canals arit seen with their encircling lamellie, and among 
theoB tlio corpuscles or lactmse, which are mostly ranged in 
a coTTespondiug order, appev as black or very dark brown 
and nearly opaque, oblong spots, with fine Hark lines 
extending from them ami causing them to look not unlike 

* Tiwisvene *ertion oF compaL't Idss<ib (of hiuoentsl magnified aboat 
150 diutieterL Three of the Haveinui canala are eeen, wiUi tbdr 
•moeDIrie rinp ; alu ilie airpasoles or Iiuiuue, with the caiialicaU 
axMEuiiBC fram them acrta the dirnlioa of the lamells. The Harer- 
•ian apertom had got filled with licbriB ia grindiiig down the Kction, 
uul tbavlan appMT black in the fi^i^ which npreients the objeei 
aa lifwtd with tnuumitted ligLl. 



little black iiiHects ; but when the i 
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against a dark gTDUiid, with the light falling ou it (s9 we 
11H1111II7 view an opaque object), the little bodies luid lines 
appear quite white, like figures drawn with chalk on a, slate, 
and the intermediate substance, being transparent, now 
appears dark. 

The lacunro, as already stated, are minute recosses iii the 
bone, and the lines extending from them are fine porea or 
tubes nnmod " oanaliculi," wliioh issue from their cavity. 
They present some vwiety c>f figure, but in such a sec- 
tion OS that represented, for the most jiart appear irrogn- 
larly fusiform, and lie neady in the same direction as the 
lamellffi between which they are situated ; or, to speak moM 
correctly, the little cavities are flattened and extended 
cooformably with the lamellte ; for when the bone is cat 
longitudinally, their sections still (ippear fusiform and 
lengthened out in the direction of the lamella;. The cana- 
liculi, on the other hand, pass across the lamellie, and they 
communicate with tho»e proceeding from the next rango of 
lacunEB, BO as to connect the little cavities with each other ; 
and, thus, since the cnnaliculi of the most central range 
open into the Haversian canal, a system of continuous 
passages is established by these tubules and their 
Incu&fe, along which fluids may be conducted from the 
Haversian canal through its series of surrounding lamellie ; 
indeed it seems probable that the chief purpose of these 
minute passives is to convey nutrient fluid from the vat- 
onlar Haversian canals through the mtuis of hard bone which 
lies around and between them. In like manner the canali- 
ouli open into the great medullary canal, and into the cavitiei 
of the cancellated texture ; for in the thin bonj parietes of 
these cavities lacunie ore contained ; they exist indeed in 
all ports of the bony tissue. Virchow conceives that eaoh 
lacima is occupied by a ramified nucleated cell, the walls of 
which are exactly applied to the ijiside of the bony cnvi^, 
whilst the branches or tubular prolongations of the cell 
line the caoaliculi nud anastomose with intm-conalicular 
branches of similar cells which occupy neighboiuing Umuue. 
He considers that these cells ore homologous with the 
bnmched elastic fibres (formerly called nuclear fibres) of the 
areolar and fibrous tissues, — fibres which, with Donden 
and others, he regards as formed by the ramification and 
anastomosis of cells, — whilst the calcified osseous' tissue is 
supposed to represent the mass of the sreoUr or fibionft 
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tiasas thron^fh which these branched fibre-cella are ilistri- 
buted. Viichow ascribes to the intra-laoutiar oeila aud 
tlwir camUicatioiia the offico of oonvej-ing uutritioua fluid 
Uonogh the bony tissue. He brw succeeded in seponitiug 
them ttam the siinwinditig substnnce by prolonged mace- 
ntioD of decalciQed bone in hydrochloric acid or in 
alkalies. 

To return to the lameU«. With a little pains thin films Btnwtnn oC 1 
nuy be peeled off in a loDgitudinal direction from a piece of "' 
bone that has buen softened in acid. These for the most 
part consiat of several laminra, as may be seen at the edge, 
vheni the difTerent layers are usually torn unequally and 
K/fOK extend farther than others. Eiunined iu thia way, 
ondor tho roicroscopti, the ioiaellai are seen to be perforated 
wiUi fine apertures placed at very short distances apart. 
Theae apertures were described by Deutsch,* but they have 
not much attracted the notice of succeeding observers ; they 
I to be the tiansveise sections of the canaliculi 
r described, and their relative distajice and pomtion 
i snffidently with this explanation. According to thia 
, therefore, the canaliculi might (in a certain sense) be 
sired to result from the apposition of a series of per- 
Brt«d plates, the npcrturea uf each plat« corresponding to 
B of the plates contiguous nith it ; in short, they might 
mpned to holes bored to some depth in a straight or 
1 direction through the leaves of a book, in which 
» it is pUia that the perforations of the adjoining leaves 
'd OOfTM^Xind ; it being always understood however that 
) pMsagea thus formed are lined or bounded by mem- 

a pariet««. 
lut the lamelLe have a further structure. To see thia Fi 
thinuert part of a detached shred or film must be " 
'ji«d, as ijiown in fig. 34' ; it will then appear plainly 
i they are mode up of transparent fibres, decusaating 
I other in form of an exceedingly fine net-work. The 
I intersect obliquely, and they seem to coalesce at the 
pdinta of inteisectiou, for they cannot be teased out from 
one another ; but at the torn edge of the lamella thoj' may 
often be seen separate for a little way, standing out like 
the threads of a fringe. Most generally they are straight, 
as repivstsnted in the figure ; but they are not always so, 
fi)r in some parts they assume a curvilinear direction. 



I 
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Acetic or liydroohloria acid causes those fibres to swell up 
and beceuue iodistinot, like the white fibres of ftreobir and 
libraiiH tiBsue ; care must tlierefoie 
Fig. ii'.' ^ token, in their examinatioo, that 

the remaina of the decalcifying add 
ll/hh/JiW^ifh''^ l^c removed from the tisBue, by 
'gtlflvSlfim .i.~»lion in ..to or i„ ..tatioi 
' , I 1' an alkaline carbouate. More- 

■ vt.!', the fibro-reticnlar itructnw ia 
hi't equally distinct in all parts 
■■;'(■.(.; '..iKTe its presence is recognisable; 

'! .' i.'r in some places it is leas de- 

, ' . MoJly marked, as if the fibtillaldoa 

y ', ■■■■■■■ta incompletely developed — re- 

-'j;-, . j.ihling in thia respect the areolar 

'yp.;' :;m! fibrous tissues. 

' '" ■ ■ In many instanocs the lamelln 

:iio perforated by fibres, or rather 
buniUeii nf liiirc,-^, ivliith pass through them in a perpeniU- 
cular, or more or less oblique direction, and, aa it were, 
bolt them together, These perforating fbret may be seen, 
with the aid of the microscope, in a thin transverse slice of 
a decalcified cylindrical or cranial bone, on pulling aaunder 
the sections of the lamellee. In this way soma lamelle will 
generally be observed with fibrous proceases attached to then, 
of various lengths, and usually tapering and pointed at theii 
free extremities, but sometimes abruptly truncated. These 
fibres have obviously been drawn out from tho adjacent 
lamellte, through several of which they must have pene- 
trateil. Sometimes, indeed, indicatiousof perforations mayb« 
rt'cognised iu the part of tho section of bone from which the 
fibres have been pulled out. The processes in question are 
thus, so to spook, viewed iu profile ; but they may fre- 
quently also bo seen on the flat surface of detachml lomelhe, 
projecting like nails driven perpendicularly or slantingly 
through a boaiil ; whilst other lameUie present obvioui 
apertures of oonsiderable size, through which the perfcc 
fibres had passed. 



The strtictuTG bero referred to ie not to be eoDfouided 
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* Thin 1b]>ci peeled off &om a Bufteiied boiie, ss it appears osdw a 
raagnifjine p«"*r of 400, The figure, ""■hich is intfindal to repreieat 
the reticular itmcture of n lamella, gives a better idea of the object 
when held rather fio^er off than nsaal from the eje. 
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' ' uAta " observed b; Tomes and De Jlorgui in cet 

and deacrjbed As peaetxTitiD^ more or Itaa obliquely from the waives 
tfrwanU Ibe interiar of the bone.* The perTonttiDg fibres are not 
tababi bal wlid ; they way be foiuid, &ft«r dscolcifiiation, In port* 
■bne no cubes were preriotulj diBimerubla, unci thef are &r more 
teuaaiiy dii^biitcd in the bonj tiuue. 

It tfanB appean that the animal ba^is of boue is made up 
of TOpOTUuposed l&mellFP, anil that these buueUm are com- 
posed cif fine reticuhir fibres. This I beliere to be the 
prentlent structure ; hut two other fonus of tissue are al^o. 
mot with in decalcified bone, viz. 

1. Flaltened cells, cohering by their edges in litjeis, with 
more or lera of on omorphona or finely gnuiiiUr mBtrix. So 
fiw ifl I have been able to ohserre, these strata of cells 
ivindpallf occur at or near the surface of the compact 
tinue of the ibaft in cylindrical boueii, and at or immediately 
otttmde the (arcumference of many of the systems of oouoen' 
tdc Havendan lamellffi, in these as well as iu other bones. 

2. Tnio Cartilage. — Ossified cartilage is found on the 
r mids of adult bones, lying uiidenieath the natural 
e of the joint, both in the moveable articulations and 

H symphyBee, and is in fact the deeper part of the cartilage, 
I been encroached upon by the calcifying procesi, 
ul basis is here, however, of a totally (liSerent 
e &can that of the hone beneath ; for, on extracting 
I earthy matter by means of an acid, the tissue which 
8 all the characters of cartilage. Cartilage also 
a the animal basis of the bono in a few other \iaxta of the 
Beleton, but only in very hmittid portions ; according to 
« and De Morgan it occurs in thu petrous jiart of the 
mporal bone, 
k A* to the mode in which the earthy particles ore con- 
d with the animal teiture, we know that the combi- 
I is very intimate, but the manner iu which it is 
1 IB not understood. 
^ The perioateum, as already stated, is a fibrous membrane rori< 
~iioh ooveiH the bones eitimally. It adheres to them very 
and invests every part of their surface, except where 
e coverod with cartilage or connected to other bones 
f fibro-cartilage. Aocotding to Kolliker it is composed of 
distinct layers ; the outer, consistiug of areolar (wliite) 
fibres, and containing occasional iat-cella, is the means of 
s blood-vessels destined for the bone, 
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whioli ramify m the membniDe, and at length send their 
uinute branches into the UaTersian cAnalit of tlio compact 
eubstanco, acoompanied by proccuen of fiiomeiitoui tianie 
derired from, or nt least continuouB with, the parioatciuia. 
The inner layer in maile up of elastic fibres ; and frequentlj' 
presents the appearance of several distinct strata of "elAStic 
membnme." Fine nervous filaments spread out in the 
poriosteum ; thuj are cliiefly asaociated with the orteriea, 
and for the most part destined for the subjacent bone ; bat 
some are for the membrane itself. 

The chi«r uBo of this memlmne is evidently to eopport the Te«di 
gaing to the ixioe, and afford tbem a bed in which thej niaj sabdiTide 
into fine branches, and so enter the d«nse tisaue at iiQmeroiu point*. 
Hence, when the perioateum 19 stripped off at any part, there is gntt 
risk that the dennJed portion uf the hone vill die and uxfotiale. The 
periostenm nlan cuntribntea to gice firmer hold to the lenduoi and liga- 
mentB where they are fixed to honea ; indeed, these Gbroiu itmctnres 
become continuoaa and incorporated with it *t their attubineDt. 

The marrow (medulla ossium) is lodged in the interior of 
thii boues ; it fills up the hollow shaft of long bones and 
occupies the caritiea of the cancellated struature ; it extends 
also into the Haversian canals — at least into the larger onec 
— along with the vessels. Like ordinary adipose tiasne, 
it consists of vesicles containing fat, with blood-vessels dis- 
tributed to them. A fine layer of a highly vascular areolar 
tissue lines the medullary canal, as well as the snudler 
cavities which contain marrow ; this has been named tlie 
medullary membrane, internal periosteam, or cndosteum ; 
but it cannot be detached as a continuous membrane. Ita 
vessels portly supply the contiguous osseous substanoa, and 
partly proceed to the clusters uf adipose vesicles, ainoDg 
which there is but very little areolar tissue, in consequence 
perhaps of their being contained and supported by bone. 

The marrow diSbn conBidcrabl; in different aitaatioDS, Within the 
shaft of the long honea it is of a yellow colonr. and coatains, in 100 
psrti, 93 of fat, 1 of areolar tisane, and 3 uf water. In nliort Ixuie*, 
and in the cancellated ends of long bonu, bnl espemolly la the cnuiial 
diploe, tbe bodies of Iho Tortebnc, the stemiim, and the riha, it is red nr 
leddi^ in colour, of more flnld eonEiateacs, and with very few &t eelU. 
Tiiat from the diploo cntuiBtii of 7& parts of water and S6 of solid 
matters, which ore chiody atbnmea, fibrin, extraclive and salts, with 
nere traocs of &t. While, however, the fat'ceUt are scantj' in the teid- 
colonred nmrrow, it contains minute, roundish nucleated eetli — tlM 
proper nurrow-ceUs of Eiilliker. These, which include no &t, cor- 
respond in charBcter with the cells round in the articular endi of long 
bones aflected with hjpenemia; they occur normally in tlM emdd 
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o rariable nnmliec in the acapnk, 

r lerres the same genent puiposes in the eoodomj aa 
y ikt. FIsced within tbe booea, which ore made hollow for the 



■ike of li^tnesB, it mrrvea ai 



k light bdJ aoft material to fill ap their 



■ and oopptrrt their Teineli. Id birds, foe the aaks of still 
fsrlker lighteoiiig their Kkeletoo, the larger banes, instead of being 
filed vilh maiTDw, contain air, which passes bto them from the Inngs 
b^ openings at Uieir liitreniitiei. Even in man there are certiua 
bollow boDS* of the eraninm mil face which are natmall; filled with 
ail. The eaiitiei of theie bouei arc named uquk) ; the; open, into 
the adjoining air-paaaagea, and are lined with a |)roloiigatioa of the 
mnanu menihnne, oademenUi wliich it a thin pcrioalenm. 

Tbe booea do not at first contain marrow ; in the fictui their cavitiea 
■n filled with a tranaparent reddiith Snid, like bloody wrom, only more 

ent and tenaciona. In dropaicat snbjeda nlao, the marrow, like 

t of the bt, is nmsomed toagreatuor lea* extent, itapluoe betng 

id bj a setoiu fluid. 

I The bonea are well supplied vith blood-vesseU. A net- siood- 
Klnric qT porioeteol vessels covora their tmiward nii&ce, J^^^',, 
V penetrate to the envities of the spongy part aad the iiou lotba 
■dnUarjr caiial, on the aides of which they ramify, aiid fine ^JJJ^ '"'' 
sels, deprired of their muscular coat, run throu};h all 
« of the compact tissue in the Haveraiaa canals. The 
« of these internal gavitioa and canals make up together 
KlftTge extent of inward surface on which Teaaols are flproad. 
b nutntioua fitiid conveyed by these vessels no doubt 
npca throngh their coats and permeates the suironnding 
e bone intcrx>oHed between the vascular canals ; and it 
• highly probable that the system of laotiuf* and com- 
nicating canaliimli, already described, is a provision for 
iu<!tjng the exuded fluid through the bard mass. ^Vhen 
H-lMne LB maceiated, its vessels aud membranes are destroyed, 
t the intermediate true bony matter, being of an in- 
ptible and persistent nature, remains ; a process which, 
k obriona reasons, cannot be effected with the soft Wasues 
|tiiebodr. 

~B of bone may bo recc^niseil while it is yet iiuwiaei,. 
I by the colour of tho blood contained in them ; but 
IT WB rendered much more conspicuous by injecting a 
b with siea and vermilion, depriving the bones of their 
I by means of an acid, and then drying them and 
ting them into oil of turpentine, by which process the 
I tisane is renderttd transparent, whilst the injecteil 
the vessels rotiuns its red colour and opacity. 
I small vessels derived from the periosteum, as Jgl^^J^"' 
flaoued, pass along the Hnversion canals in the Bubsuinco. 



compact Bubstaace, Those aio both ftrterial and veaoia, 
but, according to Todd and Eomnaii, tlie two kinda of 
vessels occupy distinct [laasagea ; and tlie vomi, which ore Uio 
larger, present, at irregular iutervak, pouch-like dil&t«tioiia 
calculated to serve as reservoirs for the blood, and to delay 
its escape from the tissue. Arteries, of larger size but fewer 
is number, proceed to the caocellated tuxture. In the long 
bones numerous apertures may be eeeu at the ends, near 
the artundar surfaces ; some of these give passes to the 
arteries referred to, but the greater iiiunber, as well aa the 
larger of them, are for the veins of the cancellated texture, 
which run Bepamtely Irom the artt^ries. Liuitly, n oon- 
ndemble artery goes to the marrow in the cetitral part of 
the bone ; in the long bones this medullary artery, often, 
but improperly, called "the nutritious artery," passes into 
the medullary cnnal, near the middle of the shaft, by a hole 
running obliquely through the compact substance. The 
vessel, which is accompanied by one or two veins, then 
sends blanches upwiirds and downwards to the morrow And 
meduUary membrane in the central cavity and i«iioiaing the 
Haversian canals. Its ramifications anastomose with the 
airteries of the compact and cancellated structure ; indeed, 
there is a free communication between the finest branches of 
all the vessels which proceed to the bone, and there is aa 
strictly defined limit between the porta supplied by e«ch. 
In the thigh-bone there are two meduUary artei'ies entering 
at different points. 

The veins of the cancellated teiture are peenliar »nd de- 
serve special notice. They are large and uumcrouB, nnd 
run separately from the arteries. Their amiogouieut is beet 
known in the liones of the skull, whera, being lodged in the 
diploe or spongy texture between the outer and inner 
compact tables, they have received the name of the diploic 
veins, They run in canals formed in the cancellated 
structure, the sides of which are constructed of a thin 
lamella of bone, perforateil here and there for the ndmisaioD 
of brandies from the adjoining cauoelli. The veins, being 
thus inolosed and supported by the hard structure, have ex- 
ceedingly thin coats. They issue from the bone by speoiAL 
apertures of large size. A similar arrangement is seen in 
the bodies of the vertebnc, from whence the veins come oufc 
by huge openings on the posterior surface. 

The lymphatics of the bones arc but little known ; atiU, 
there ia evidence of their exiatonce, fur, independently <f 
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the suUiority of Maacngni (wliiclt i* of less vuliie in thu 
pBTticul&r iaatiuice, inaamnch as he doe« not state eijiresaly 
tlikt be injected the vmwIs which he took for the lymphatioa 
at bone), we have the teBtimony of CruikBhank, who Id- 
jectad IjinphBticK coming out of the body of one of the 
doml Tvrtebne, in the aiibBtauoe of which he also saw them 
ramifying.* 

Fine nerres have been seen passing into the medullary »rnH. 
caaal of some of the long boDes along with the artcjy, and 
following its ramifications, but their nltiaiat* distribution ia 
doubtful ; and Kolliker deecribeo fine nervous filaments as 
eoteniig with the other arteries of the bone to the spongy 
and compact tiasiie. As far, however, as can be judged 
^^from obeeiTationB on man and experiments on the lower 
i, the bonea, as well as their investing periosteum, axe 
y if >t all sensible in the healthy condition, althongh 
« painfully ao when inflamed. 

bold that the same is true of the marroir, sr lather tha 

tnUarr nnnbrane ; otbera, staoug wham are Davenief and Bioha^ 

the contiarr, that the medalhuy tisnu is seuiblB. They 

{ through the bone of a liTing aalmsl, and irci- 

membnne bj psssiag s pnjbe up the oaiity or lijr 

>g an acrid flnid, verj Bsequiiacal aga» of pain will be mani- 

Bfolard, who nffinos tlie same fact, points oat a draomstanoa 

far anonnt for the nsult occuiannUj torning ont 

nely, th&t when the bone bappens to be hsvd through 

ace vf the medaltarf artery, tbe nerves going along 

are 'livided, and the marroir cnaaeqaeotlj rendered 

able, tM lapiiena with apy other Benailla part when its nerrea 

d jroirtJi of fcoiic. — The foondation of the b 
B IB laid at a very early period, for among the parts jj 
Uat appear soonest in the embryo, we distinguish the 
rodisientB of the rertebne and base of the skull, which 
afterwards form the great median colnmn to which the other 
parta of tha bony fabric are appended. But it ia by their 
oatwud tbnu and situation only, that the parts representing 
the fdtnre bones ore then to be recognised ; for at that 
early j>eriod they do not differ materially in substance ^m 
ibe other structures of the embryo, being, like these, made 
up of graiintar corpuscles or elementary cells united together 
by a soft amorphous matter or blastema. Very soon, how- 
erer, tliey l<ecome cartilaginous, and oaaificatios in due time 

• Anatomy ofthe Absorbing VeaatU, 1790, p. 19S- 
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beguinjiig in the cartilage and continning to spread From one 
or from eevera) points, thu bone ia at lenyth completed. 
^fmSIa" ^^^ while it is true with respect to the bonen generaUj, 
tlou. that their osgificatlon commences in cartilage, it is not so in 

every instance. The tabular bones, forming the roof of the 
skull, may be adduced as a decided example to the cou'biu? ; 
in these the oasificatioD gonf on in a membranous tiwue quite 
different in its nature from cartilage ; * and even in the 
long bones, in which ossification undoubtedly commenc«« 
and to a ctjrtain cxt«ut pt'oceeds in cartilage, it will be 
afterwards shown that there is much less of the increment of 
the bone really owing to that mode of osaificatiou than is 
generaUy bebeved. It is neceasaiy, therefore, to distinguiBh 
two species or modes of osaifioation, which for the sake of 
brevity may be called the intramenibratunit and the infm- 

Intimoom- Oiitijieation in mejiArane. — The tabular bones of the 
ouiB^lsD cranium, as already said, alford an example of this mode of 
ilcHnbod. ossification. The base of the skull in the embryo is caiidla- 
ginoua i but in the roof, that is to say, the part compre- 
hending the parietal, the up[>er and greater part of the 
frontal, and a certain portion of the occipital bones, we find 
(except where there happen to be commencin|{ muacular 
fibres) only the integuments, the dura mater, and an inter- 
mediate membranous layer, which differs from cartilage in 
its intimate stmctore as well as in its more obTious cha- 
ractera, and in which the ossification proceeds. 

The commencing ossification of the parietal bone, which 
may be selected as an example, appears to the naked eye in 
form of n net-work in which the little bars or spicula of bone 
run in various directions, and meet each other at short 
distances. By and by the ossified part, becoming extended, 
gets thicker and closer in texture, especially towanls tho 
centre, and the larger bony spicula which now appear, mn 
out in radiating lines to the circumference ; the OBsificatioiL 
continuing thus to spread and consolidate until the parietal 
meets the neighbouring bones, with which it is at length 
united by suture. 

The Bti^oining figure (35') repre^ients the parietal bone of 
an embryo sheep, about two inches and a half long, and 
shows the character of the ossification as it appean 

* TMb fart was pointed out and inMBlcd on bj Dr, Neabitt, who dii- 
tingnlsbes the two diSereut muleg of oBsificatioQ, uid to far his nm 
aw qitite Dorrect. — 8m hit human Orteogeuj, Lond. 1780. .^^^ 



en ths object is magsified about twelve difimeters. 
■ bone ia fonned in membrane as in tlie human foettu. 




at a Ihin plate of c«rtUago riaes up on its inside from the 
e of tiie chtdL The oenificntiou, himever, is decidedly 
Boniieet«d with the cartilage, and goes on in a membrana 
tig outaide of it. The cartilaginnuB plato is not repre- } 
ted in the figure, but a dotted line, a, b, near the top, 
rin the height to which it reached, and from this it mH 
wen that the osaification extended beyond the cartilage. 
J^ the region of the frontal bone the cartilage does not even 

> Parietal bone of an embrjii abcep. Sixe of the embryo, 2} inch n. 
fcr nuall upper bgaie repimeDls Lhu bono of the sntunLl sue, the 
Ifgct Rgare i« msgnificd about 12 diamotera. The cuned line, a, b, 
atVa the height to wM«h the eubjoceut cartilagiaoaa lamella eiteaded. 

A. fnr uuuJated partielea of boue ore seen near the eircumfeteuce, as 

HHif»[«Tirn which is quite coomion it thin iUtge. 
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me BO higli. In both cases its limit b weU defined, and 
under the microitcope it presents a decided contrast to thr 
adjacent membmue. 

When further examined with a higher magnifying power, 
the tissue or membraiie in which the ossification is pro- 
ceeding, appears to be made tip of fibres imd granular cor- 
piiBcles, with a soft amorphous or faintly granular tinitiog 
matter. The fibres have the characters of the white fibres, 
or rather fascicuh, of the areolar and the fibrous tissue, and 
are similarly affected by acetic add. The corpuscles are for 
the most port true cells, with an envelope and granular con- 
tents ; some about the taze of blood-pnrticles, but many of 
them two or three times larger. In certain parts the fibres, 
but in raost the corpuscles, predominate ; and on the whole 
the structure might be said to be not unlike that of a fibrous 
membrane in an early stage of derelopment. The bone, 
seen by transmitted light, is dark and opaque, and near the 
growing edge it is decidedly granular. 

On obaerving more closely the bony processes or spicuLt 
at the circumference, where they shoot into the mem- 
brane (as in fig. 36'), it will be seen, as they are traced 
into the soft tissue, that they gradually lose their opaque 
and granular character, indicative of earthy impregnation, 
and are prolonged a little way into the membrane, in form 
of humlleii of transparent fibres, having all the chaiwrtera of 
those of fibrous tissue. These fibres are in some parts 
closely gathered into thick bundles, but more generally the 
fasciciUi ore smaller and irregularly interlaced or mticuUted, 
with corpuscles lying between, them ; and we may often 
observe that where the earthy deposit is advancing to invade 
the fibres, the recently and as yet imperfectly calcified bone 
with which they are continuous, presents a similar open and 
coarsely reticular structure ; though the older, harder, and 
more opaque part is coniparatively solid aiid compact. The 
appearance referred to is especially well seen at those places 
where a cross bridgu of bone is being formed between two 
long spicula ; we way there distinguish the clear soft fibres 
which have already stretched across the interval, and the 
dork granular opacity indicatiug the earthy deposit may b« 
perceived advancing into thcDi and shading oS gradually 
into their pellucid substance without a precise limit. 

It thus appears that in the intiamembronous os&ificatioD 
the growing bone shoots into the soft tissue, in form of 
transparent fibres, reaembling those of fibrous texture, mon 



d with granular corpiiBcloa, and that thoM 
a chugcd with euitby salts. As to the cells or 




corpusclei^ tbej ciirtAiuly soolu to be in soma way involved 
in tbe oaHificatiun iJouj,' with the librvB, but t am not able 
to lay what precise Hhore they hare in the procesK. It koa 
been tnppoaeii timt they eventually form the Incuuie of the 
bone ; but thin qiiention will b« oouaidenHl afterwanJa. 

As the bono extends in ciroutoference, it ulao increwea in 
tliicklieas, the vacuities between the bony spicula become 
nanowtid or disappear, and at a mors adrauced period tbit 
toliaUr bouc« I'f the craniom axe tolerably compact towards 
the oeiittv, although their oilges are still furmed of slender 
raituting processes. At this time also numerous Autowb 
•re grooved on the Kaitaco of the bone iu a aimilar mdiating 
, and towards the centra thefio are continued into 



* Tbe grawiDg enda of two Iwn; apicala from the frgiitil boue of aa 
embiyo ilog, highl)' msgaifivd. Tha suiraundiDg mombrane bns been 
removed. Bad most o( tbe corpiuolea are wubed aas;, to ehaw mora 
eridtotlf the truuiiareiit toft Sbrea prolonged from the booe, wiUi tba 
dark cartby dejKiiil nilranciog laio tbeiu. 
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complete tubes or canals in the older and deusor part, which 
nui in the tame direction. The ciuiala, as well as the 
grooves, which become converted into cnuola, contain blood- 
vefaels supported by proceaaos of the investing membrane, 
which deposit concentric layers of bone within ; and when 
thus BuiTOunded with concentric laminae, these tubular 
cavities are in fact the Haversiaji canals. 

Ouijkatifin in cartilagr. — It hus already been stated that 
in by far the greater number of bonc^ the primitive soft 
celluUr matter of which they originally consiat is \ay 
quickly succeeded by cartilage, in which the omificatiMt 
begins. One of the long bones taken from a, \erj small 
embryo, just before ossification has conmienced in it, is 
observed to be dintiuctly cartilaginous. In the tibia of a 
sheep, for example, at a time when the whole embryo is 
not more than an indi and a quarter in 
Fig, 37'.' length, we can plainly see that the »ub- 

staiiue consists of cartilage calls imbctdded 
in a pellucid matrix. Tbeso cells, which 
can scarcely be said to bo collected into 
groups, are much larger in the middle part 
of the shaft where ossification afterwards 
commences, and there also they aro mostly 
placed with their long diameter aaross the 
direction of the bone ; towarils the ends 
they are much smaller and closer together, 
and the cortUage ihero is less transparent. 
As it enlarges, the cartilage acquires firmer 
consistence ; it represents in figure the 
futui-e boue, though of course much smaller 
in size, and it is fiurrounded with a fibrous 
membrane or perichondrium, the future 
periosteum. Yessols ramify in this mem- 
bnme, but none aro seen in thu cartilaga 
\mtil ossification begins. 

tn a long bone the ossification com- 
mences in the middle and proceeds towoida 
_ the euils, which remain long cartilaginous, 

as I'epresented in flg, 37'. At length 
separate points of ossification appeal' in tliem, and form 
epiphyses, which at last ore joined to the body of the bone. 

" Hura«rn« of > ftctuB, natnnd eiic. The upjwr tislf is divideJ 
loni^ilDdinsllj. a, Cartilage, b, lloiie, nhicli teroiiosleq tuiFonLii the 
cartUaea b; a iliglitty convei aur&ce. 
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BONK, 

The new-formed osseous tUsiw is red tuid obviously vns- 
eaSar, uad blood-vessels extend a little wny beyoud it iutii 
Uie uljoiniiig part of tbe caitilnge. In a long bnue these 
precunoiy resitels ore seen &t either eud of the ossified por- 
tion of the ahsft, fonning a red zone in thnt part of 
the curtilage into which the ossification is adi-aiieing. The 

or bnutchbg canals in the carti- y- 33. . 

Uge, (fig. ;J7', a,) and seem t-> 
ramify in these canals, which n:./ 
much larger than the vessels tiny . 
contain. Other vasculiir cniiiiK 
enter the cartilage from its otiti'i 
Eurfoco, And conduct vessels into 
it dinctly firom the perichon- 
ibinm ; at Icaat, this may t>e seen 
whea the oaufication approaches 
M tbe ends of the bones. 



BaJf liu ohMrred that ia a IruDs- 
aecUuii of the oseifjing cadJIiij^ 
m cells appear Bmnged in rfMliatiug 
Una raimd the KcdoDS of the vswnlar 
cHuIi 1 f at>d I may also reniorlc that j 
ia many of tiiese tadiatinj; groups llie 
e«Ili laccauifclr diminisU ia nie to- 
wards xht eaOm, that ia, as thej ap- 
pmach the tmiitl. It luigbt nnturally 
be uked whether these Bmallei and 
mare aatnl odli are not more recenUy 
dL-pfiited, aad vthetbcr thti vucolar 
cuhU di) not niiiuiiter to the iucreiui! 
'■f the rartitnes 1 but «-earenot prepared 
l« give ■ Blis6u:torir nnswer lo tho qucs* 
tivB, In hrt, the precise relatiou of 
Iheae canals to the prDC«M of oadflcation 
XI not undentoot] ; it is certain, huir- 
trtx, that the caiitiea of the fntitre 
Indie aK not formed oat of them, as 



I the process rot 
miatiUdy, let an ossifying bone be dirided lengthwise, as in ^^ 

* Thio longitudinal section of osujjing cartilage Iroia the humema 
of a foetal iheep, magiuGeii about 70 dbiaetera. a, Carlili^ i-ells 
nuilijTinly diffuted. 6, Cells nearer the Eurlsce of oaaificalion, coUeoteJ 
into piles or oblong gronps. r. Bone Hhoattng Up belween tbe groupi 
of eelli and fonning obloog anolm. 

i Hiillei'B Physiology, plate I., Gg. Id. 
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fig. 37', aud then from the surface of the section (as at ti, h) 
take off n thiu Blice of cartikgo, iucluding a, very little of 
iiAtiBo in the ossified part, and examine it with the microscope. Sooh 
Irtl^ul^, a view, seen with a low power, is shown in fig. 38'. The 
cartilage at a distance from the em'&ce of the ossified part luts 
iti cdl» unifonnly disseminated in the matrix, (as at a, where 
it appunrs in the figure as if granular,) but at and near to the 
limit where the ossification is encroaching upon it, tho cells 
ore gathered into rows or oblong groups, between which the 
transparent matrix appears in form of cloar longitudinal lines 
ubliqudf intersecting each other (b). Tomes and De Moi^ui 
state that these rows are formed by aegmeutation of the 
cartilage cells trausyersely to the line of oasifia advance. 
Turning now to the nowly-formed bone (c), which from its 
dark opaque aspect contrasts strongly with the cartilage, aod 
tracing i^ towards their mutual banndary, we see plainly 
the dark lines of ossification shooting np into the clear 
spaces of the cartilage between 
the groups of corpusdcss ; it 
evident, in Ehort, that the 
earthy deposit proceeds through 
the matrix, and that the new 
substance forms in the 
first instance oblong arcolffi or 
loculi, which inclose the group* 
This is further illus- 
trated by a thin transverse sec- 
tion, carriiMl nearly parallel to the 
oHsifying Hurface, and partly en- 
croacluDg on it, so as to take off 
a Uttle of the bone along with 
the cartilage, as represented in 
fig. 3!)'. In this view we see at 
one port the nearly circular sec- 
tions of tho newly-formed oeaeons 
areolio ; at another, sections of 
the rows of cartilage cells with 
tho deal' matrix between and around them, and into this 
the dark ossification is advancing. 

* TnniveiBe Ecction of Iho nBsifjiiig auiilage repr«Kuted ia 6g. 3S'. 
mado a Uttte nbore c, along the turfikcv of oBsificatlnn, sni! indudhig 
part of the new Lone, uiognificd 70 diameUn. The circular Btctions ol 
tlie gruapa of nils and of the oneons areole are seen ; and tlu darL 
bone extending into the clear htteneUnlu- matrix. 










I iuin<; a highei power, as in &g. iV, tt viU be seen that tbe cells Cliaueo lii 
ing tbe pxiups hit placed wilh their long diamBter tnuuverselj, W '"[j!'*''-, 
had been flatlf ned and piled narUcuisrlT. 



D Ticinilf af tbe boQB Ihej 

bfflume greatly eniarf^ed and iDon! ^ ^ -> 4 ., ^. 

tuondcd. Most o( tbem bnve su ^ IZ. ^ ^ ^ *■ ^ S 

(MCline dUtinet from that 0/ the :z ~ S ^ ~ «=> ~^ 

mau within. As to the matter they ^^ ■^, "^ :^ '^''*^ S St 

■BbRRDM^ etrongl; refractiog tbe " ^- "^ S. ^ ^ ^ 
li^^AOdMUir filling their cavit;; y^ •==^- .'^ ^ •=" S S 
in uthcra it ia Wolly gtajiaW and ^ . — -."^ "^ ^^ = -^ 
light like gruund glass, and has a == ^=-"| l ^E, =- ^ -^ 
nllilefiaed ontline, snd in these ~ 

tWe is a itrj distinct sacleas. , 
ratfiog mmh iu siie lu different 
cells, bal alnja meat regularly 
dreular, and incloaing one or more ( 
nudeoU : laill;, s goud man; cells 
may be ■eao. the mws eontaiaed r 
iu vhieb does not nearly fill thu ^ -^ 
eavity, aud A usoally coarsely ^ 
Kia^ular or grtiniuus, vith an 
iineren, and in some, a jagged out- 
line. There seems reaaia to beliore 
that the granular ma» within the 
csitila^ cells is included in a deli- 
cate en«elupe closely applied to 
it, whicli has betoi con^dered as 
cumapandiBg to the primorJial 
utricle of TsgetaUe colts. Mean. 
Tomes ami Dt Ufirgan have distin- 
giushed it iqr the nnme of the 
''grvmlsr ceU." 




It thus appears that I 
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bony tmue, as it ailranccB into the cartilage, has at firat 'b 
n aort of alveolaj' Btructnre, forming fuBifonn UTcolus or iii 
short tubular cavities, with thiu pariuteB. But this oon- 
ditioD, which diffon from that of perfect bouo, is only 
tran^tory. And at a short dist-uice below the osaifjaug 
surfacs nre ttee a ohnnge taking jilaco in the newly-formed. 
tisoue ; the structure -becomes more o;>eu, the cartilage 
ftfUa (sonio after proviona calcification, othoR not) for the 
most part disappear from its interstices, and the caticulU 

* FS^ 40', small portion of a seetioa nmilar to that in fig. 3S', more 
higblj magniGed (aboDt IIQ diameteia). a, b, Tvo uf the new-foimed 
DtMoois tubes or areolae, vith a few rartilage oells and granular cor- 
>, lying in Ihem. c, c, CarUlage cells ntar the Dssifying surfiuie, 
Utug the sppearanses described in the to>tt. 



oud Haveman cajialn, with their concentric lainellfe, hepa 
to be fonncd. This, which is tho next atep of the prooen, 
apr>ews to taka place in the following luiuiner. Tho 
primary urtolir of the bone 
„ Fig 41' A." above tleBcribed open into 

one another by abaorptioo 
of tboir intennediate vrtiUa, 
both laterally find Icmgi- 
tuclinally, and it is m&inly 
to their confluence that the 
formation nf the liuger, 
or what night be termed 
leeoiiilai-y «(ri(i>», which 
sticceed them lover in the 
bone, is due. This is shown 
iu iijr. 41' A, which repre- 
sents a thin trnnsverse section, nnade almost immediately 
below the HUtface of ossification, and in which the j 

Tig. *!'».• 





cavitioB are seen to have coalesced into larger c 
TUckoniiig section eomewhut lower (fig. 41' a), Hhows that they go oa 

E«ctionB of growing bon^ m ia 






enlAtj^ug by furthor coalesoenoe, aud that their sides are b; ■« 
thickened by layers of new bone j this soon begins to be "^ ''' 
(lepcnited (fig. 41' a), mid goes on increasing (n). lu tile 
loeAD tiino the cartilage oells have disappeared, and the 
bmy ciivities arc filled with blastema, in which there are a 
fibres and numeroiis grimuJar corpuscles or cells resom- 
those seen in the intramembronous ossification ; there 
jilso many blood-vessels. In the end some of the en- 
cavities remain to form the cancellated structure ; 
!e othera getting more and more tilled up with con- 
oentric lamellie, become Kaversiitn canals ; although the 
Haveniim canals of the compact sides of tlie bone, it may 
be remarked, principally arise in another way, rs will 
afterwards described. In many of these cavities the 
~ of the coalesced primary areulie may long be distin- 
like little arches, forming by their \uiiou a JHirt of 
outline, within which the new bony lominiD are 



_' osseous lastter forming tlio original Ihin walls of the 
■ is dtddedly gmnular and has a liaritafipcaranco; tLo aubaeqiieiit 
WMt/xndarji dtpotil od Uie other hand ia qnite tnu>B[jamit and of an 
^fonn, hrimogeneons aspect, as if tlie grssules had coalesced ; at anf 
b tb«y sie no longer disUngnishable. This KCondaTj depOBit b^ins 
a tha gnnulBr liane a rer; abort dlatnnee (aboat Atli of an inch) 
be rai&ea of ossiSiatUou, and, as aliesdj statwl, increases in 
ts fartll«r dowii. Tbe Imuds first appear in this dejioeit ; there 
K in tie prinmry gmnnliir bone. It is most generally supposed 
e new d^mit is formed of wlls which bcoome impregnated with 
ij msttcr, — the cartilage cells in the drat instanoe, sul afterrards 
newly tanaed in tlie blastema — the otltal cells of Tomes and De 
ui — bat olthongb certain appearaneeii render it not improbable that 
ie Jnar he a layer of flattened and calcified cetla next to the anrfaoe 
Wllbt gnnnlar bone, I sm neTcrtbeless dispased to tbink that tbe 
n( and chief part of the deposit results from the caluification of 
e Uf en of Gbrea, gaaerated in tba blastema, some cetla being 
torolTed along with them, and probably contributing to form locunse, 



fig. 39', bat much more magnified (nboat ISO diaineterB), They show 
the latent coolenxDce of the primary bony arcobe and tbe thiekcDing 
of Uiendea of the enhu^ cavities b; new osseous deposit. Theseotioii 
± ia made almost immediately belov the surface of ossilinktion ; a is 
■ooKwhat lower, and abowa the csTides still more enlarged and their 
e thickened than in A. The new osseous lining is tnmeporeat 
fi appeal* light in the figami ; the dark ground wilbiu the areoliu is 
ta opaque debna, which collected there in grinding the sections. 
It Ue farther noticed that the letter x within the Ur^r figure 
a place where a bony partition bad been accidentally broken 
•n Uiat tbe large Bjiace was nntnrallj divided intc two. 



1 the oamGistion of tbe fat bosei o 
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iLppeatB to me that the depoail in qaestioa ia farmed after tbe ni 
uf the intramembnuiooB (waificBtioii slreadj desaribed (page cxxviiL) 
I infer that rdcL ia the process from the Btmcture of the la;ren ; ht 
thej are made up of Gus retieulalcd fibres, like the loioelliD of pcafict 
bone, thowii nt page cix. On k careful inapection, aiid with a oerUui 
adjoMmeut of the light, fine striie may be seen in muiT pnrti iadicatiag 
the obliquely deenasating fibtea of the new-formed Umince. The itroc- 
tnre in aome meuEnrB reminds ns of the aeeoudary ilep'«it inuds ^a 
oblong celli of the wood of cooiferoua treea, in which the ligoeona matter 
ia arranged iu fibres, or rather in fine tinea, nuuiing ubtiqualf ronad 
tbe wall of the cell and erosaiug one another in alternate bjera. 

Krtlliker baa ubaecved that in tbe ossification of rickety bone* the 
groapB of cartilage cella inelnded in tbe primary oaseooa areuln are 
calcified, n loanna only b^ng left in tbe centre of caoh cell. Be 
belieTM that the enme thing lakes place in the natural process of ranfi- 
cation, aud that the growing bune forma at first a compact layer of 
aome thjclinesa in tbe ueigbbourbDod of the cartilage, iu which the inter- 
oommnnicating medullary caTitiea are afterwajdg eicatnted by absorp- 
tion, without regard to previoualy existing etmctore. Tbe obserrationa, 
uioreoTer, of Tumui and De Morgan aatisfkclorily show that part at 
leaat of the cartibiga cella are caltnfied and converted into lacmUB in 
tiormsl bone ; still I coniuder that tbe caTemQbition of tbe new bone U 
owing chiefly to confiuence of the primary areclm from abeorptioD d 
their party walla, ax abowu in figa. 41', A and a ; moat of the axSkgi 
cells having dlsappenred, and probably iu great jiart witboul preriMH 
calcification. 

The mode of prodnclion of the lacnnio, or sa-calleJ o^rpnicles of bont, 
'' is perhaps not yet full; underakiod. They nrc generally supposed to be 
derived tram the cells of the soft tissue involved in the osiificotjon by* 
piMcra which baa been varinnsly oiphuned. Schwann snppoaed thai 
the cell becomea the hicuna, and sends out branches U; form ttu 
canalicull which anaatomuse with aimtlor prolongations from neighbour- 
ing cella. Were this statement modified by assuming that tho cell reluiu 
permanently its original solt character, but becomea euictly Inclowd in 
a bony cailly of oorreaponding shape, formed by calcificution of the 
aurroundieg tiaaue, it would correspond with tbe view lately promul- 
gated ly Vircbownud KrilUker on tbe formation of lacnnie iu the oad£- 
cation of librD-celUilar blastema. As to the producUon of locuuie fhim 
cartilage cella, Uenlc compared the process to that of tbe formatim of 
pore-cells in the hard tisaues of plonta. He oonciuved that the cell 
becomea filled ip b; calcification, ciocptin the centre where an irregular 
cavity remaiua oh tho lacuna, with branched passages eilending ftvm 
it and forming the canaliculi, which are nbo lelt unfilled in coDsequoioe 
of the unequal deposition of tbe hard matter. It ia obvions, bowarsr, 
that this explanation does not account for tbe great extension of the 
caouliculi and their intercom mnnicstiDn with those of neigbboariiit 
bcnna? ; if indeed lacunie derived from cartilage cells do really thas 
(Wnmauicate. Kiillikei, adopting a view, which would aecm tu hais 
been independently arrived at by more than one histologiat, as to the 
homology of cartilage and vegiMble cellular tissue, conceives that a 
iartiUge cell oonusts of, 1. nn eitflrior envelope which he propoaea to 
rail the "cartilage capsule," usually diaUnct in yellow cartilage (see 
fig. 31'), but in hyaline cartilage for tbe most pari blended with tbe 
matrix ; S. on interior Teaicle immediately inclosing tbe cell eoirtMk__ 




ft mntrii and "oartilage mpiutes" be rsgsrds tu 
1 the rrijetablc oellnloM, (periplast of Huxle;), the 
ondiDg Willi ths cellnlcM wikll of ifao TCGetuble oetl. 
■nde t>IUtingiu>bed b; Tome* luiil De Morgan u the 
** gMiiiiW eel! ") be coDBiderau Tcpreeentiug the " printordial utricle " 
«r the TegetaUe e«)i (encloplut of Hnilc;). Id the procen vt ouifioi- 
l^m the matrii: U calcified, ingetber with its appertuniiig cartilage 
apsnles. The otpiulg beeumea thickened hj oaBeooB depont and 
nKToachea on tbe Rpnce within, but aneqnally, a> in the foniuttian of 
icgMable pon-eelk, tearing, aa in UuLt mat, a eentral caiitj with 
ptokm^tiona ladiating fraia it to the drcnmreretics of the sell, wbilat 
the pnilMirdtal utricle, uutonched b; the calcifjiog process, reinuiu 
witbia llie cafity and eonespondt with it in figure. To account far 
the anaitumaui of tbe caoiliculi with thoae of nngbbouring Uciuub, 
KoSiker haa no heeita^aa in aunming that thej are prolonged by 
ab»TT>liiun through the cartilage uapaale and Into the matni bejond it, 
and'^iila heprofoseB his inability to trace the proeeia b)' actual ohwrra- 
tioB, he thinks that the included btanchea of the primordial stride msf 
be in Km* waj inatiumenlAl ia effecting it. In the intromeinbranaaB 
wHnatiea the ntniified cell baa no onter cafBula as in cartilage, and is 
MCcldiB^r leganled a> ceprraeuling the primordial utricle of Tegetahlcs 
and ItiB iaUriur (or gnmuUr) cell of cartilage, whilst the aurTOiindiiig 
>• eorreapondi with the regeUble cellnloBe. Persintent lnonnat 
d from cartilage cells exist but Msntilf in the skeleton. Well- 
id •nmplea. hDWerR-, occur in articular cartilage and in that 
I* psUe ajniphriis. when, as cammonljr happens, the port cf these 
El adjoining the boae is encroached on b; oiaiGcatiou, aa natic«d at 
Cixi. The ossifying proaesa in this case is a mere calcification of 
i eftrtilajia, and stellate lacnna, not intercummuniMling, remun in 
ia putiallj gwGed cells. When the tissue is decakiSed by an acid 
k original oi^ and cartilaginous matrii become apparent. 
"Mn.T«mta and De Morgan distinguish two kinds ef celts as cou- 
diaUntbnution ofbone. I. J^cimalce/'s; theseoouaat of an 
r"gnralsrceir' andanoutwaid transparent euTelope. t^rtilaga 
' If lothishead; their eiterinreDTslnpe(eartilagecapsule, KoU.) 
raaaed thickness and definition as they apptfiach the region 
v, and then the inleriuroi granular cell | primordial utricle) 
nnuatoaly saaumes an irregolarlj etellnte form like that of the future 
laenoa which remnlus in the centre after tbe rest of the cell is calcified. 
i Ontal ttlU, which have a round or oral figure and granolar aapint. 
~' m deacrihed as abounding in the blastema of the nun-corti- 
^. la csalflcation and aa forming the growing bone by thdi aggrcga- 
k and oaleiScati'jn. They ate suppowd to correspond tu the granular 
b oontaiaed within the lacunal cells of cartilage, and aooi^iiing to 

f ftirthoiB referred to, a certain numbw of them acquire as outer 

ttsBapvent enrelope and become locnnal cells to be employed in thu 
pradaction «f locnme in bone rormed independently of cartihige. 

At ossification thtia Advoncea toworda Ute oniia of tho CuuiitniaL 
bone, tho portion aa fet ciutila^oiui continues to grow at ^Tt'n^" 
the name time and increaaes in every diraeuMou. The jjurt "'^JJ,™,™"'' 
itlnndy oascous iiicroasus also in circnmfereaoe ; the part. 
tnpdnlhtfy cavitf, of which for Bome time there b no Formation 




7 nppeanince, begins to be eicavated in its interior by 
nbaorptimi, tuid tim sides of tlie shaft acquire compactneBB 
and solidity. The incresse iu girth in brought sbout hj 
deposition of bone Ht the surface imdemeath the periostenin. 
It has been sometimes supposed that a fonnation of cartilage 
prectides the bone also iu this Hituatiou ; but Budi is not the 
casBj for tho vascular soft tissue in immediate contact with 
the Bnrfikce of the growing bone is not cartilage, but a 
biastema containing fibres aud granular corpuscles ; in fact, 
the incruose takes place hy iutramembrauous ossification, 
aud accordingly tho HavHrsian canals of the ghaft am 
formed in the same way as those of the tabular bones of 
the skull, — that is, tho osseous matter is not ouly laid on 
in strata parallel to the surface, but is dopOAited around 
processes of the vascular membranous tissue which uxt«iid 
from the siuface obliquely into tho substance of the shaft i 
and the canals in which these Toacular prooeseeB lie, 
becoming narrowed by the de- 
Fig. 42'.' position of concentric osseottt 
InminiD, eventually remain u 
the Haversiim uauals. 

Tliat the otiailicntioa nt tlie peri- 
oBleal anriace of Ihe bone doei nut 
\ake place in ou-tilaEe, msj be mada 
1 apparenC In Uio fulluwing maoser. 
Strip off the pcriOBtciimrnim tbe bnu 
at tlio end of the shaft, aud from tiia 
adjoinitii! carlilnge slso, talcing can 
□Dt Id pall the latter away fhim Ihe 
bnne. A tiiin membraDnus lii<rDr Till 
sUlI remuD, puGsing frum tlie boM ti> 
the Korfan of ths cartila^ ; noir, 
take a thin slio; fmm the earbcm, 
inclnding thii meiulimne with a tbit 
thin portion of the boae and of Iba 
cirtllnge, and examioe it villi tli* 
microBcape, semping off the cartilag* 
Troni the inside if it be t<H) tliiek. 
It will then be uea that the snper- 
ficinl port or shell of the honc^ if it 
may he so called, a prolonged a little 
way over the snrfsco of tlic nirtilago bj means of pellucid, ooanelf 
ntidUitcd fibnis of soft lisBue, (Gg. t2', i, c,) into wbich the eart^ 

* Snbperinateal Ujrer from the extremity of the bony shaft of Hm 
asn^ng tibia, as described in the text. The cartilage and mon open 
bony tissue haro been Ectsped off from the inside uf tho crust, except at 
a, where a dark shido iadicatea a f«w Tertical noeoas areoln ertrf 
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a kilisnrdng. Tliese libr« are iatermiiiid vith grnanlBr e^r- 
ir kUb, bpt fonn no piut of the csTtiIag«. and tlie; are na 
ihg mD« uture ai iboH aeen ia the intramoiabRuiDiu iwufi- 
* of Ui» akull. Their retieuktioai arc in moat CAws directed 
bavntnelT, and (omccimDa thitjr m« little, if at all, in wtviinee of the 
Uaiit bMwna tbo bone and cartilage. I have observed the atractuie 
lwt« deaerilied in (evetal banes of the (well adTanced) ftEtal sheep, also 
in the haiuui «ca|>iilii, liuiucma, rcmnr, tibia and fibula, metaearpu) 
ami nelataniu^ aiid it has bluiw been fannd iu all tliu luug boDca, 

OMificatiou having tlius proceeded for sonie time in Uie 
tifit, ftt length begins in the eItTemiti(^d of the bone from 
e indeptndeut centres, and extends through the 
, leaving, however, a thick Biiperficial layer of it 
' , irhich tH-'mmDeutlf covei-a the articular end of 

The epiphyses thus formed conttnue long Fonnaiiuu 
rMed faim the shaft or diapbyida by im intervening p|^|^ 
■lion of CArtiLtge, which is at last ossified and the bone ia 
. Gon«>liilnted. The time of linal jiinutiou of the 
B is different in different bones ; in mauy it doea 
CO nntil the body has reached its full stAture. Iu inemmoC 
1 time the bone increases in length by the oasifioi- j^"t^ 
I continuing to extend into the intcrveutug cartilage, 
u growinij at the same time ; and it appears 
D the part of the fihaft already owifiud, little or no 
j^tioa takes place by intemtitial growth. Tliis ia shown 
u espetiment first made by Dr. Hales and afterwards 
> Dulutmel and bj John Hunter, iu which two or more 
8 being bored in the growing bone of a yoimg animal at 
P certain noiaurcd dlttmico from each other, they ara 
ini) after a time not to be farther asunder, although the 
hoae has iu the meanwhile coDwderably iucreaaed in 
length.* In like manner the shaft also increases iu circum- ii 
ference by deposition of now boue on its external surface, '"^ 
while ftt the same time its medullary canal is enlarged by 

fwua anil indiitinetlj seen. The part a, b, of the crust is osniGwl ; 
Vielweea >• aiid c btd tlie clear reticulated fibres liito whiuh the earthy 
•l0]«oil ia adraiiving, MaguiGed lAO diauieteia. 

' Halok Veget. Statics, Ith edit. p. 340. Duliamcl Mem, de I'Ac 
'bq Sit. 1T43 aud uq. Uualcr treportod by Heme) in Tiani. of Soe. 
(or Imp, of Med. and Chir. KDowledgc, toI, ii, ; alto Calnlogua of 
BmilcriBn lltuenm, <oL i. p. 249. Duliamcl «aa led from some of his 
eipcrimaila to infer tbat an intenti^nl etoDgatioD lotik place near 
eiids : but them i* xoiiie doubt left sa to the jirecise circumnance'i of 
the cipErimvnla in these asm. Both Bales and Duluuael, ia expeti* 
iBcatlDg on the growing ^bU of a chii;keu, obeerred that thu addilioa , 
lif Dtw bvtie w*a mneh greater at the upper end. 
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absorption firom within. A ring of silver or platinnin put 
TOund the wing-bone of a gruwiiig pigeon, hecomes cov^«d 
with new bone from without, and the original bone included 
within it gets thinner, or, according to Duhamel, who fint 
made the experiment, is eutirely removed, so that the nag 
comes to he within the enlarged meduUaiy ciuinL 

) MiuldcT giTcn to aa animBJ along ivilb its Jbod, tinges the Mitil of 
^~ bone, vhich, acting >ia a iiort of mordant, unites witb and fixes Ih* 
' colonrini; matter. Sow, that part of tlie bone whicli is moat nnDtlf 
fijrmml, and eepwUlly Uiat part which is actiull; depovt«d dnringllM 
adminiatration uf Ibe madder, is tiDged both mure apeedil; and nun 
deeply than the older part, aud, tu iu Ihia way the new osaeona grovtfa 
can be nuidily diatinguished from the old, adioutage waa taktu of llu 
fact by Duhamel and afterwarda by Hunter in their jnqniriea ai to flw 
maimer in wbicb banes inueane in siie. By their expeiinunti it mt 
Khowu that when madder la given to a young pig for some week^ Ike 
eitemal part of ile bonea is deeply reddeoed, proving that the acr 
oaseous matter is laid no at the garface of that prOTiooaly tatlnti ; 
again, it vos found that when the madder was diieontinned for aoB* 
time before the animal was killed, an exterior white stratum (tke Ult 
formed) appeared aboTe the red one, whilst tlie internal white part, 
which woa situated within the red, and had been formed before aay 
madder waa given, bad become mneh thinner ; showing that abBotp^ 
takes plac« from within. In tliia last modiGeation of tbe experimeat 
also, as noted by Mr. Hunter, s tranayerae red mart is observBd nw 
tbe ends of the bore, beyond which they are white ; the red port 
indicating the growth iu teagth during tbe use of the madder, and tlig 
white beyond, that which baa taken place subsequently, — thus ahowiij 
that tho increase in length is caused by tbe addition of new matter to 
tbe eitremities.* But other changes take place in tlie bone. Tha 
spaces in the cancellated ntruetnre bucouic enlarged, as well ai the 
medullary canal, by abaorptiun ; whilst in other ports the tisme 
becomes more compact by larUier deposit on tbe inner surfaoe of the 
vascular caritiea. Tbe sides of the shaft iu particular aoquire gnater 
solidity by tbe narrowing of the Haversian cuuals, within wMdi Ih* 
Tascnlorinembranecontinuea to deposit beih layers tf bone; and maddn 
adminiatered while this prooesa is going on, colours tbe interior asd 
receatly-foimed lanunie, so that in a crota section the Harenian 
apertursa appear surrounded with a red ring. Lastly, Tomei and 
De Morgan have shown that in bones which have acqnired thmr fall 
siie, a prodnction of new systems uf HayenioD lauielln eontisnes 
throughout life, as desisribiid at page oivl. 
I Prom the foregoing account it is evident that a great portion of a laog 
bone is formed independently of carlilago-t Those physiologists, Ihere- 

* M. Plonrcnsbos repeated and varied tlieaeetperimenls.andrepre- 
seated the results in beautiful delineations. Recberches enr Is De- 
veloppemeut des Oa et dea Dents. Paris, 1842. 

f This statement wss pubtisbed by me in 18 JC, and from that time 
I have usually iUustrnted the point in mj Lectures by a scheme similar 
to that given by Kolliker, in his Mikroskopi8i:ho Auotomie, roL Ji. 
fig. IIS. 
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fore, appear to have reason on their side, who consider the pre-existence 
of that tissue as not being a necessary condition of the ossific process, 
and who r^ard the precursory cartihige of the festal skeleton chiefly in 
the light of a temporary substitute for bone, and also as affording as it 
were a mould of definite figure and of soft but yet sufficiently consistent 
material in which the osseous tissue may be at first deposited and 
aamme a suitable form. 

The time of commencement of ossification in the different bones, as Timo of o«- 
well as the number and mode of conjunction of their bony nuclei, are sification. 
sabjects that belong to special anatomy. It may, however, be here 
remarked in general, that the conunencement of ossification does not 
ill, all cases follow the order in which the bones appear in their soft or 
eaitilaginous state. The vertebrso, for instance, appear as cartilages 
befiore there is any trace of the clavicle, yet o.ssification begins in the latter 
•ooner than in any other bone of the skeleton. The time when it com- 
mences in the clavicle, and consequently the date of the first ossification 
in the skeleton, is referred by some to Uie seventh week of intra-uterine 
life ; others assign a considerably earlier period ; but owing t ) the 
imeertUAity that prevails as to the age of early embryos, the dates of 
oommendug ossification in the earliest bones cannot be given with 
precision. 

In regaid to the number and arrangement of the nuclei, the following dumber of 
geneiml fiicts may be stated : — 1. In the long l)ones there is one centre nuclei or 
of osnfication in the middle, and the ends are for the most part ossified conu^a of 
from separate nuclei ; whilst a layer of cartilage remains interposed ^"* ^ '*'"* 
until the bone has nearly attained its full length. By this means the 
bcme is indurated in the i^arts where strength is most required, whilst 
its longitudinal growth is facilitated. *2. The larger foramina and 
caritjes of the skeleton arc for the most part formed by the junction of 
two, but more generally of three or more nuclei njund the aperture or 
included space. The vertebral rings, the acetabulum, the occipital 
fionunen, and the cranium itself, are illustrations of this. It Ls easy to 
eonoeive that in this way the ready and equable enlargement of such 
cavities and apertures is provided for. 3. Bones of a complex figure, like 
the vertebne, have usually many nuclei ; but the converse is not always 
tme. 4. We can frequently connect the numl)er of nuclei with the 
principle of uniformity of type on which the skeleton of vertcbrate<l 
animals is constructed. Thus the typical form of the sternum seems 
to be that of a series of distinct bones, one placed between each pair of 
ribs in firont, as the vertebne are behind, and this is its permanent 
condition in many quadru|)eds. In man it conforms to the archetype 
in its mode of formation, in so far as it is ossified from several centres 
and for some time consists of several pieces ; but, to suit the fabric of 
the human thorax, these at last coalesce one with another, and are 
reduced in number to three. 

In the reunion of fractured bones, osseous matter is formed between Reunion 
and around the broken ends, connecting them firmly together ; and and regeuc- 
when a portion of bone dies, as' happens in necrosis, a growth of new r***®** ^* 
bone very generally takes place to a greater or less extent, and the 
dead part is thrown off. The several stejis of the process of restoration 
in these instances are so fully described in works on Surgical Pathology, 
that it is unnecessary to add to the length of this chapter by intro- 
ducing an account of them here. 
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The musculnr timuc is that by memiB of which the active 
moTementB of the body are produced. It consiata of fine 
fibrcB, which are for the moat part collected into distinct 
organs, called muscles, and in this form it is &nuliarly 
Lnown as the flesh of animals ; these fibres are also disposed 
round the sides of cavities and between the coats of hollow 
viscera, forming strata of greater or less thickuess. The 
muscular fibres are endowed with coiitractUiiy, a reranrk- 
able and ohiunotcristic property, by virtue of which they 
shrink or eonti-oct muro or loss rajiidly under the influence 
of certain causes which ore cn^nble of exciting or calling 
into play the property in question, and which are therefort! 
named glimiUi. A largo class of muscles, coniprehanding 
those of looomotioQ, respiratiou, oxpresNiou, and some others, 
are excited by the stimulns of the will or volition, acting 
on them through the nerves ; these are therefore uamed 
" voluntary muscles," although some of tliem Iiabitually, 
and all occasionally, act also in obedience to other stimuli 
There are other muscles or muscvdar fibres which are entirely 
withdrawn from the control of the will, such as those of the 
heart and intestinal canal, and these aio accordingly named 
"involuntary." These two classes of muscles diAer not 
only in the mixle in which they are excited to act, but also 
to a certain uxtent in their anatomical charnctcra ; and on 
this account we shall uonsidur the sti'ucture of each daw 
seiMLrately. 

Of the ftnidure of voluntary mascha. — The volnntsiy 
muscular fibres are for the most part gathered into distinct 
masses or muscles of various sizes and shapes, but moat 
genuroUy of an oblong form, and furnished with tendons kt 
either extremity, by which they ore fixed to the bone& 

The two attached extremities of a muscle are named, in 
. anatomical descriptions, its origin and insertion, — the 
former term being unually applied to the attachment wfaidi 
is considered to bo moat fixed, although the rule cannot be 
always applied strictly. The fieshy part is named the belly, 
which in some cases is interrupted in the niiddlo or divided 
into two by a tendon, and then tbo muscle is said to be 
bivential or digastric ; on the other hand it may bo cleft at 
one end into two or three portions, in which case it is 
named bidpibtl or tricipital. 
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The miucnlor fibres are coUeoted into pnckota or bimdles, fflTii 
of greater or less thickness, named fasciculi or laecrti (fig. jti™ 
' ^~"|, and tlie fibres themselvea consist of much finer threads -"'""■ 





vuiible by th» aid of the microscope, which are tumicd mus- 
ccdor filaments, fibrilUe or fibrils (fig. 44', c). The fibrik run 
parallel with codi oUier in the fibres, and the fibres wo iiarallel 
iu the fiudcnli, and both extend coutinuouslj firom one 
terminal tendon to the other, unless in those instances, tike 
the rectus mnaclti of the nbdomon and the digastric of tho 
iuffHor mn»»Ha^ in which the fieahy part ia interrupted by 
interposed tendinous tissue. The fasciculi also very gene- 
rally run parallel, and although in many iustances they 
converge tonanla their tendinous attachment with various 
degrees of inclination, yet in the voluntAry muscles they 
do not interlace with one auotJier. 

Skfalh.^^Xii outward investment or sheath of areolar ai 
ti^me surrounds the entire muscle, tind sends partitions 
iiiwkrda between the fasciculi ; furnishing to each of them 
> speda] aheath. Tho areolar tissue extends also between 
ihe fibre*, but does not afford to each a coutiuuoua invest- 

nugniflstl 



f A few miucabr Bbres, bdog p^rt cf a araall rn^tcicaloa, tugbl; 
mognitiiil, Bhawitig tbe tiansvcrBe stris. a, Ead ntK of (, b, fibres. 
r, A filffe iplit into its fibrils. 
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meat, and tlierefors cannot bo said to form sheaths for 
them. B^'ery fibre, it is true, has a tubular sheath ; but 
this, as will be afterwards explaiiied, is not derived from 
the areolur tissue. The areolar tissue of the sheath is com- 
posed of elastic (fellow) as well as white fibres ; but th« 
elastic elemeut is found principally in its inreatiug (aa dis- 
tinguished from ite pene^ting) porttou. The chief uses of 
the areolar tissue are uo doubt to oouncut the fibres and 
fasciculi together, aud to cooduct and aup]H>ri, the blood- 
vesaels and nerres in their nuuifications between those ports. 
The relation of these different subdivisions of a muscle to 
each, other, as well as tbo shape of the fasciculi and fibres, b 
well shown by a tr&iiKversw section. Figs. 43' and 44', 
'. Fa*ckali. — The fasciculi are of a prismatic figure and 
t their sections have therefore an angular outline. The num- 
ber of fibres of which they consist varies, so that they differ 
in thickness, and a lo^^er fasciculus may be divisible into 
two or three orders of succe&aively smaller bundles, but of 
no regularly diminisliing magnitude. Some muscles hxtt 
laige, others ouly small fasciculi ; and the coarse or fiss 
texture of a muxcle, as recognised by the dissector, dependi 
on this circumstance. The length of the fasciculi (and 
consequently that of the fibres and filaments) is not always 
proportioned to the length of the muscle, but depends on 
the arrangement of the tendons to which their extremities 
are attached. When the tendons are limited to tho enda 
of a long muscle, as in tho sartorius, the fasciculi, having 
to pass from one extremity to the other, are of great length ; 
but a long muscle may be made up of a suries of short 
fasciculi attached obliquely to one or both sides of a t«ndoD, 
which advances some way upon the surface or into the 
midst of the fieshy part, as in the instance of the rectw 
muscle of the thigh, and the tibialis posticus. Muscles of 
the kind last referred to are named " i«njiifonu," from 
their resemblance to the plume of a feather, and other 
modifications of the arrangement, which can be readily 
conceived, are named " semipenniform " and "compound 
penniform." Many abort fasciculi connected thus to a 
long tendon, produce by their combined effect a more 
forcible contraction than a few fasciculi running nearly the 
whole length of the muscle ; but by the latter arrangemeot 
the extent of motion is greater, for the points of attachment 
are moved through a larger space. 

Of the fibre*. — The fibres, although they dil 
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iu the indiTiduallj, haro the Bome aven^ diamottr in oil 
liie voluntAry muscles, namely, about i^ytli of oii inch ; 
Afld this hijilds good whtither the musolea lie ciiarse or fine in 
lJ»ir obriouB tcsture. According to Mr. Bowmnn* their 
areraga ate m eomewbat greater iu the mole th^tn in the 
female, beiug iu the former j;^, and in tho Utter ;j-{> or 
iDore thnn a fourth Hmaller. Wheii viuweil 1>j transmitted 
light with n snfficiently high power of the microBcope, the 
fibres, which are then clear and pellucid in theb aspect, 
appear marke'l with very fine dark pamllel lines puasing 
across them directly or somewhat obliquely, at exceedingly 
short but regular intarrala. (Fig. 44'.) Tho tiaea, as just 
nxentioDed, are dark ; and the intervals between them 
light ; their distance apart m about Tri'iitl*'^ °^ "'" ""^> '>^<1 
they are even closer together in parts of a muscle which 
bajqieii to be contracted. This cross-stripod appearance, 
which is moat beautiful and characteristic, is found in all 
the voluotMy muscleu ; but it is not altogether confined to 
tbfU, for it is seen iu the fibres of tho heart, which is a 
strictly involontoiy organ : striped fibres are also found iu 
the pUorynx and upper part of the gullet, in the uiuscles of 
the internal ear, and those of the urethra, porta which are 
not under tha direct control of the will. 

Generally speaking, the fibres iiejther divide nor anas- 
tomose -, but on the contrary maintain an undivided coiuse 
&om one of their extremities to the other. This rule is, 
however, not without exception. Branched and anasto- 
mosing fibres are ci)ramon in the heart ; iu tho tongue of the 
frog also, the muscular fibres as they approach the surface 
divide into numerous but not anastomosiug branches, by 
which they are attached to the under surface of the mucous 
meinhnme ; and the fibres of the facial muscles of mammals 
have been shown by Busk and Huxley to divide in a similar 
manner where they fix themselves to the skin. 

Aa to the structure of the fibres, it has been ascertained fu^'fr"'* 
that each ia made up of a large number of extremely fine 
iilmnents or fibrils, inclosed in a tubulitr sheath. The 
proper shenth of the fibre, which was discovered nearly 
abiiul the same time and independently by Schwann and by Slisttli, n 
Bowman, has been named by the latter the " saroolenuua." at 

* I eliall have ftwjnent occasion in this cliipler to refer to Mr. 
Bowman's importaat reKarches oa niuacle. Phil. Tnn*. 1310 utd 
1S41, siul GjiJopcedia of Anatomr, art. ■' Musde," Bod "MnKular 
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It DtmEiits of tmnspai-ent and apparently komogeneouH mem- 
brane, and, being comparatiTely tough and elastic, will 
sometimes rcmnia entire 
Pig- ^5'-* when the included fibrili 

nre ruptured by stretching 
the fibre, ns roprewoted 
in fig. 45'. In this wftf 
its existence may b« 
demanstntted, and it is 
especicdly well seen in 
fish and other animals which HciTe large fibrca, for ia sadi 
instances it in thicker and stronger. It may also be shown 
by immersing a fibre in water before irritability ia ex- 
tinguished ; the fluid is in this case first imbibed hy the 
fibre, and then, esciting contraction, is squeezed oat of 
its BulMtonce, when it usually collects between the fibre 
and its sheath, and raises the membrane into vesicles or 
bullfe. It may bo doubted whether the existence of a 
distinct sarcolemma is universal iu striated muncle*. Bnlc 
and Huxley state that they hitvo been unable to detect 
it in muscular fibres from the heart and tongue. 

FUiriU. — Lines and fissiu^s are sometimes seen ninniiqc 
lengthwise in the substance of the fibres, and indicating 
their fibrillar structure, as in some of those represent«d 
in fig. 44' ; find when these longitudinal lines are well 
marked, the transverse striot are comparatively indiatinot. 
In a thin transverse section the ends of the fibrils mty 
be seen, when highly magnified, as small dots or points, 
which occupy the whole sectional area of the fibre, showing 
plainly that tlie latter is not hollow, as has sometimes beon 
maintained, but possesses the same fibrillar structure through- 
out its whole thickness. The fibrils may be partially aepa- 
ratod and spread out by breaking ocrostt a fibre, and gentlj 
bruising the broken end, as at d, fig. 44', or by splitting uji 
its substance with fine needles. But it is no easy matter to 
insulate a single fibril ; and to succeed in this, a perfectly 
fresh and favourable specimen, as well as nice manipulation, 
is required, ^^'hen a fibril thus completely insulated is 
highly magnified, it is seen to consist of a single row of 
minute particles, connected together like a string of bead*. 
These particles (nomed "aarcoua elements" by Bownuu))> 
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Then viewed with a nuigniffing power of 400 or GOO, 
MppeKT like little dark quadraugular aud generally rectangular 
bodies, with bright intervals between them, u if they were 
connected together bj' Honie pellucid substance, a, fig. 46' ; 
bnt on closer examination, provided the duGning power of 
the inrtmment is good, a vei; 
bint or dark line or shadow will Pis- *^'-' 

be diacoTored passing across the 
fibril in the middle of each of 
the bright spaces, and aometimes 
tiao » bright border may bo 
perceived on either side of the 
fibril, so that each of the rect- 
Angular dork bodies appean 
then to be surrounded with a 
bri^t area having a similni' 
qiudiangnlar outline, as repni- 
sented in the figure, and it umy 
iberefbfe bo inferred that the 
pellucid snbHtance incloses It on 
all ndes. In short, it would 
■eem that the elementary par- 
ticlea of which the fibril ia made 

np, are little maiucs of pellucid substance, presenting a 
rectangular outline, and appearing dork in the centre. Their 
appearance, indeed, has auggi:sted the uotion of minute 
Tamcular bodies or cells, cuhcring in a linear series, the 
fikint tranRversc marks between being the lines iif junction. 
Bat although this idea very naturally pre'uiutd itself, wo 
must not astume that the reality of it ia established. With 
a still higher magnifying power, tliu dark central part 
appears conatricteJ in the middle, or looks as if it consiBtfid 
of two portions joined ti^ether. When the f[>cus in altered, 
the iotcmal ilark part becomes light; it is therefore evi- 
dently transparent, and its dark aspect is probably owing 
to its refracting the light differently from the surrounding 

* llDscnlar lilirin]e of tbe pi); magnified 720 diai 
parentty single fibril, ahou-iDg the i|uadnui);ul3r oui 
Dent partiFli-8, their ilark ceutral port anri briglit margin, nod Iheii 
lines vfjunctioii, crossing the light iotcrvali. b, A laDgituilioal seg- 
ment of a fibre ponKistingof a number uf G I iriln still coiiumned together. 
Tbe dork cruss strlpea ami liglit interralu ud b are oLvioiuly ■>oaui 
by the dark sin-cks anil iuterreniug light spaces respectiTely 
rapandint' in the different filiriln. r, Other nmallcr cullcctioD 
fibritla. From a preparation by Mr. liealaiid. 

IS 
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tmbBtance.* Minute pellucid objects indeed exHIut, vbm 
highly maf^mfied, a dark centre Hurrouuded hy a bright liolo, 
if viewed a little witliin the true foenl distitnce ; but the 
bright ciroumferenco of the muacular pnrticlea seema to 
bo Mimuthiug more thau ean be nccoiiatcd for in this way. 

There U some difference of statcmout as to tlio uiicrowwiiia appear^ 
BDcee presented lij musculiir filirila under higli magnifjing pcFwem, and 
itiU mare diJTerence ofupinion respecting the right, inteija^tatioii of the 
pheaomena. AecnnlltiE tu Dolne, Huak aad Hnxlej, sod otlieTa the 
fuat dark lines crusaing the fibril in the middle of the light intemli 
are notviaihle in the strut«d luosclessrall animala. Biulf and Bnibr 
state that thr; are wanting in inimj of tl<e ungcnlar bundles of 
insmmak. These ohservere saggeat that the linea in queatien are pre- 
daced by the inteipoution of rows of mbute, pale, sareoni elcmenlh 
Again, while the appearance of clear spaoes interponed betirMD the 
darli particles along the line of the Abril ia not doubtfnl, the appanot 
encloanre on nil Bides of each CFf the dark inrtides hj a border or frame 
of bright suhBtonce, vith the reenltiDg Teeleular aepect, is coomdend tt 
illusory by many ubnervers whoBe opinion ig entitled to great rcapeet. 



TVheii the fibrilloa lie uudirturbcd in 
□entary particles of cullnternl fibrila r 



he fibre, the de- 
i situated in tba 
e tranBVorse plane, and it ie to this lateral coaptatkia 
of the particlua that the tnumverae striping of the fibre is 
due. (See I; fig. 46'.) Accordingly, the croas liuiis »™ 
not confined to the imrface of the fibre, but may be eeeu 
throughout its entire thickneBB on siicces»irely deepeninj 
, the focus of the microscope. Tlie fibres moreover ofUn 
show a tendency to cleave Across in the direction of then 
linoB, and even to break up into trtuiaverse plates or diakt, 
which are formed by the lateml cohesion of the particlw of 
adjacent fibrils. To make up such a disk, therefore, eveiy 
fibril contributes a particle, which separates from thoae of 
its own fibril, but coheres with its neighbours on eitlier ndo, 
and this with perfect regularity. Indeed, Mr. Bowman 

* Varioue obsurreni, from the time of Houke in the necenteenlh 
centarj to the preeeat day, have reoognUed a beaded Htmctnre in thf 
mnscnlar filaments. Muys, whn however eonsidered the beaded ap- 
peaianoe a> only oocasioual, and seams to have been a good dnl 
perplexed by i^ repreunts the particlca as rMtaagular, larest. 
Fabriea quos in part. mnsc. comp, eitat. Lngd. Bat. 1741. Tab. I. 
fig. IT. Their qnadrangular outline wu fully and clearly shown I7 
Mr. Bowman. The faint lines passing across the light interrals be- 
tween the dork pnrticlei\, a* well as the ■nrrounding bright ama, vent, 
at far an I know, Gnt pointed out hy Mr. LeaJand, the well 'k no vq opti- 
The figure (16') was drawn by uiy friend, Mr, J. MarBhall, from 
in prepared by Mr. L, 
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MUSCUUR FIBRILS. 

Moeirei tbat the sulidiviBulu of n Gbre iiito fibrilliu 
laerd]' n ]>heuoiueiion of the same ktiiJ, ouly of more 
^iiumoii occurtUQce, the cleavage in the Utter caso tokiug 
Iil«o« lODgitudiDally in place of tnuntversoly : accordingly, 
b* conulerH that the fibrillo have no eiist^iice as such ia 
the fibre, lUij mure tliitu the diaka ; but that lioth the one 
wid tlio uther owe their origin to the regular arrangement 
nf the pftrticica of the fibre longitudinally and transveraeiy, 
whereby, on the application of riolence, it cleavt* in the 
one or in the other direction into regulikr segments. 

Ur- Bowman tiuJa that the sizu of tlie elementary gi(» of 
pwticJefl is remarkably uniform in mammalia, biiils, reptiles, j^^^r 
fidies, and in»ect!i. 

, A number of pale, finely grauidar, ora/ corpuscles, conm* 

mbling cells or ceU nuclei, ore scattered among the ')' "'" 

' I tho substance of the Kbres, or upon the inner 

I of the aaroolemiDii. These have been supposed 

I he ccnnected with the growth UTid nutrition of the 

They ore obvious in the foetus some time before 

I, but afterwards the addition of ucetic odd is required 

^Onlttfto render them vixible. They flow out with the 

Uil«of the fibre when the latter have been disintegrated 

f the action of piitash. Other uorpusclee, usually rockoaed 

ntg with tbeae jiutt described, are distinguished by Mr. 

"ia * und«r tUo unmo of fiuiform corpuscles. These have 

■■rery dark outline with a scarcely grauulor interior ; their 

s ia unutUy fuaiforui with pointed eudt, but sometimes 

r are traueated and often twisted or subdivided. Their 

a from juinj, to T^jig^ and their length Trig to 

If of ui inch. They are similar to the fiuiform cor- 

igbt into view by acetic acid in nerves nnd 

lanB, and ore considered by Mr. Kllis to be of the same 

■ those belonging to the so-called nucle&r or elastic 

» of conuective tissue. Accordingly they appear to be 

i not in the mii»culikr fibres but iu the tissue investing 

* icilh Undona. — Acconling to Professor KfilUker r.mntc 

B mode of couuexion differa when the musculiir fibres are '^,^1^^° 

ptinuous in a direct line with those of the tendon from uuiIuil 

I which is observed when tho former join the latter nt 

IT less acute ODgle. In the first case, the two are 

jr continuous, the muHCohir fibre being distinguishable 

*btaMkdtatt*BojalS«nety, JaneI9, liSAj 
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&om that of the tibraua tissue by ita Btriatton alone. In 
the second caso, the muBcular fibres termuute in conical 
prtMKEBCa, which are recuiroiL in correHponding depresuons of 
the tendinous fibre ; the connective tiHSiio of the one being 
continuoiu with that of the other. Mr. Rllin * describes the 
connexion of striated miiacle with tenJou as taking place 
in all cases in the fullotving manner. When a muscular 
fibre is tibout to end in a. tendon, its component fibrUs an 
collected into bundles of difierent lengths and U2os like Ibo 
roots of 11 tree. Around each bundle tendinous tissue 14 
collected, forming a sheath which appeors gradually t» 
oeBse OS it is continued bnckwords on the undivided fibre, 
but how it is attached is not apparent. The muBCular 
fibrils of a bundle in approaching the tendon gmduallj 
cease, each having probably its owu tendinous threHrd to 
fix it. The central bundles of fibrils reach further than tbft 
circmnferentiiil, and thus when the latter are broken off by 
attbmpts made to detach a fibre from its ueighboun, tlw 
fibre appears to have a pointed ending. Mr. Ellis does not 
confirm Professor Kolliker's acoonut of the oblique mode of 
attachment. He states that in sueh inatouces as the gaatro- 
ensmius and soleus, every fibre is provided with its separate 
tendon and is continuous with it as above described, and that 
the increasing thickness of the main tendon from above 
downwards is due to encceMive additions, in form of str&ta, 
of the contributing tendons from the underlying layers 
of muBcnlar fibres. In attaching themselves to the akin 
and mucous membranes, the muscular fibres, according to 
the careful description of Dr. Suitor, t divide into pointed 
processes or fine filaments which ore continuouH with those 
of the connective tissue. 

IlUHHl-veiadi. — The blooil- vessels of the muscular tissue 
are eztremoly abundant, so that, when they ore successfully 
filled with coloured injection, the fleshy part of the muscle 
contrasts strongly with its tendons. The arteries, accom- 
panied by their associote veins, enter the muscle at vorions 
points, and divide into bnmches ; these pass among the 
fasciculi, crossing OTer them, and dividing more and more 
BB they g»t between the finer divisions of the muscle ; at 
length, penetrating the smallest fitsdculi, they end is 
caj^huy vessels which run between tho fibres. 
are supported in their progress by the subdivisiM 

* Loc ait. t Art. Tungue, in Cycl. of Aunt. 
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I Blieftth of the muscle, to which also thoy supply 
The capiUariua deitined for the proper tiwue 
t tbe muscle are extrenmly smftll (tig. 47'), they form 
f""*'g tlie fibres a fine oetwork, with murow oblong meshoa, 




wUch &rc stretched out ui the directiou of tho fibres i in 
olhtrr irords, they consist of lougitudinal and trnnsverse 
rewels, the former numlng parallel with the munuulor fibres^ 
and lying iu the iuignlar intervals botweeii tLem,^ — ^the l/itter, 
vrhich ate much shorter, crotiaiug betn-een the longitudinal 
ciDes, and passing over or uuder the iuterveuiug fibres. 

Kane (if tbe capillu? Teaels enter tbe narcalemmn or proper sbcsth Rclittlon ta 
or the fibre, tnd the natritiuus BuiJ which tbej conTe; miui therefore flbro. 
nsch the Gaer elemeats uf the moscle b; iuibilutiua. HoreoTer, om tho 
captlluie* dg not penctnite tbe fibres, bnt tie between them, their 
muubcff in m giTen space or their Uegroe of eloeeikeM will ia eome 
laaraie be regnkted by the number and cunicqnentlj by the aiie of 
tbe fibre*; and ucordingly in the mnwies oC lUSerent nnimala it is 
found that chen tiie fibres are smiUl, the Teasels are DiimBrona and 
fono a cine network, and vice vend : Id uthor words, the BinaDer the 
fibres^ tbe greater It the quantltj of hliwd supjiUed to tbe same bulk of 
muxle, or to the same lurount of elemental laoarnlar parHeles, for, 
amiJit tbe varialioua which the fibre iiresents in diS^reut animals, the 
siie uf ita minuter elements reumiua wonilerTull; coustant. In eonfor- 
mitf with thii, we see that In birds and mammali<t, in which tbe 
pnKMi of nutrition is ocUve, and where the rapid change re(|nire> a 
co^iioiu inpplj of material, the ntuscnlar fibres are mueh smaller and 
tbe TeaKta more DDmerooA than iu culd-blooiled *ni inula, iu whiub the 
oppoiote couditions pieiait. 

Lymfhaiifs. — Of lymphatic vessels in the muscular tissue 
nothing certain is known. From an examination of the 

faticB irhich appear to proceed from diEFei«nt muscles, 
«x iufers that small munalea are destitute of such 
ipillarj vessels of mnacle from nu injection by Lieberktlliii, sesn 
low magnifying power. Tho eiKuimi^D was presirred iu spirila ; 
l>c BiBsclo is dried, the Teaselt appear much oluser, 
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vosmIs, anil that tlie few which apparently issue from flomo 
of the larger muEicles, beloug to the alienth aud its larger 
BubdiviaioQB, and uot to the proper muscular tisaue. 

JVerwj, — The nerves of a yoluntary muBcle are of con- 
siderable xize. Their branchea pass betwocn the fitscicilli, 
and repeatedly unite with eacU other in form of n plexu, 
which is for the most part confined to a small part of Qw 
Ienf{th of the miiBcle or mUHCular diviaioa in which it lin. 
From one or more of such primary plexuaea, nervous twigs 
proceed and end by finer or Urmmal plexuges fonned bgr 
Klender bundles consiating of two or three primitiTB tnbnlM 
each, some of them sepiirating into single tubules. (Fig. 48'.) 



Fig. 4S'.' 




By means of the microscope these fine nervous bundles and 
ainglo tubules may be obsorvud to pass between the mii»- 
culnr BbreB, aud, after a longer or shorter course, to retnni 
to the piexuB. They cross the dircotion of the muMulir 
fibreB directly or obliquely, forming wide arches ; and on 
their return they either rejoin the larger nervous bundles 
from which they set out, or enter other divisions of the 
plexus. The nervous filaments are therefore said to form 
loops or slings among the muscular fibres. In the mnsdes 
of fish and amphibia the simple nerve fibres into which the 
bundles ultimately separate, are themselves divided Into two 
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or more branches which, after becoming exceedingly at- 
tenuated, are lost to view among the muscular fibres. . Free 
terminations of nerve fibres with or without previous division 
have also been traced in the muscles of man and mammalia ; 
so that on the whole it apj>ears probable that although the 
loops unquestionably exist, they are not to be regarded as 
the terminations of the fibres which form them. The nerve 
fibres which are for the most part Large in the entering 
branches become much finer in the teniiinal plexuses, not 
in consequence of division but by gradual attenuation. 
It has been thought that the finely divided nerve fibres in 
the muscles of amphibia at length |>enetrato the sarcoleuuna 
and mingle with the muscular fibrils, but this is denied by 
others and still remains a question. Seeing that a mus- 
cuhur fibre only here and there encounters a nen^e fibre, it 
is obvious that if the latter does not penetrate the sar- 
colemma, a great part of the muscidar substance can have 
but an indirect connexion with the nerve. 

Nerves of small size accomj^any the branches of blood- 
vessels within muscles, but do not reach the capillaries ; 
though destined for the vessels these nerves sometimes 
communicate with the proper muscular plexuses. 

Involuntary muscles. — The involuntary muscular tissue Structure of 
differs from the voluntary kind, not only in its want of sub- m^"^*^ 
jection to the will, but also in its external characters. The 
most remarkable dilference is observed in the aspect of the 
fibres which, except in the heart and a few instances of less 
note, are unmarked by the cross lines so characteristic of the 
striped fibre. These plain or unstriped fibres (tig. 49^) are piain fibre*. 
generally of a pale colour ; their figiure is for the most part 
roundish or prismatic, but is readily flattened in examination. 
Some are not above jj^^-^^^ of an inch in diameter ; but 
the larger measure from ;j30o^^ ^^ TJITU*^ (Ellis). Under 
the microscope they have a peculiar soft aspect, without a 
strongly-shaded border ; and they are marked at short in- 
tervals with oblong corpuscles, which give them a very 
characteristic appearance, especLally after the aj)plication of 
acetic acid, which renders the corpuscles much more con- 
spicuous. The substance of the fibres is translucent, but 
clouded or even finely granular ; and in the latter case the 
granules are sometimes arranged in longitudinal lines. 
Mr. Bowman considers this last-mentioned appearance as 
indicative of an approximation towards the structure of the 
striped fibre, for he has observed the granules to be about 
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in geueral, iuasDiucb as they proseut transverao atrue. lid 
atriie, howexBT, are leaa Htroiiglj marked, and less regalar, 
and the fibres are smaller iu diameter than ia the roluntarj' 
muscles. Many of the fiiirea are attached to the tendtiunis 
structuie connected vrith the orifices tutd valves, and aa hw 
beeu already stated, they ore seen to divide and anastomoM. 
The tissue of the heart differs also from most other in- 
voluntary muscular structures by its deep colour, but it 
agrees with them ia the interlacement of its faacioidi, 

t'htmieal cawposituin of miwcir. — The chief aa well aa the 
characteristic coustituent of the muscolar tissue ia a Tade^ 
of fibrin, which, as it difiers in some of its propertiea bam. 
blood-fibrin, it has been proponed to name " syntoniu." 
It ia insoluble in aulution of nitrate or carbonate of potaih, 
but is readily soluble in dilute hyilrodiloric acid. Then 
can be little doubt that this luiimal principle is the essential 
basis of the muscular fibre ; but it must be remembered 
that a piece of muscle subjected to analysis compreheniU 
along with the proper muscular fibres a certain ainounl of 
areolar and often of adipose tiiwue, blood-vessels aud nerves; 
moreover, that the blood cannot be entirely extracted firoin 
its small vessels, and that more or less serum (an albuuiinout 
fluid) remains in its moist tissue. Accordingly, other in- 
gredients be^e fibrin presout themselves in the aiutlyiii, 
and are ascribed to the presence of the accessory sabstaiHiM 
j«st mentioned. In 100 parts of fresh voluntary u 
the ox, Berzolius foiuid 

FiLrin 15-80 

(jvlatiu 

Albanian, witli colouring omttcr . . 2'20 

AlcohoLc extractive, wiUi nils ■ ■ I'M 

Watery citrutjve, tritk ssltii . . . 1*06 

PhuspLalc of lime, with nlbnmtii . . . 0-08 

Wfttor iiuj loBB 77'17 

lOU- 

BnuMimut oLtcunBd slmiUr reiulta fri^m an niuUysia of Vbt 4 
of lh« heart, aud through the researehes of illfferent eipBrinuniM 
ctKDtially tjie ume chemical oouatitutiun luu been dismTcrsd in tl 
fibres of iho iris, id thg uterus, in the nnucuLu- Foat of the inteitini 
tad in that of Iho gall'bladder and gall-ducts of the oi and oreter i 
the bciiae, aUo in the bypertrophied muacuUr coat of (he buna 

VuD Bibnt eatimalw the quonljt; of vaiinj and solid coasUtilM 
somewhat differenllj, tis., water, IfiS, aolicla, S5-65,— 1'25 of tl. 
latter btung bt, derived ohieBy from the blood and &om the fat-otltili 
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the miiKles, The researches of Lietug knJ Saheier have added to the 
tat i)t orguiic ooDfltitaent^ hj diTiding the eictniotiTe mntten into 
-fTKial impoTlwit pruxioute prineiplcB. Tliiu, Liebift hiu di«ovn«d 
trfitinc, kreatinin^ iDosiniu, aad licdc said : Schsrer bus mula knowa 
■:•! f xdrteuce of acetic, batyrie, uid formie Mid, togvther with % pecn- 
:^r brm of mgar, termed inwite. The mist importanl of tfaeie 
I'.-iumt* is kreatine, which appoui to be derired fmm the neceiurf 
- ute of the iBiueiilar tinne ; >nd u, coueqnentl;, ftoDnd ia grestest 
ahaaduioe ia the niusclea of animals linnled tu denlh, and la thnt cou- 
MaaUj-acling mnscle. the heart. Dr. Qregorj fDund in the heart of 
«B ox, 1-37 to 1 -ii parW uf kreutine iii 1000. 

Phyiical irrojiertifi. — A dead musclit possesses little rhyi 

atiengtb, and may be Uwrated by a force of no great '"*'" 

auurant. Although it has but little olaeticity, the musculnr 

ia nevortheless cApnblo of being slowly stretched out 

L tiue living body, and will aftei'wards retam to its 

state, as happens from the groirtU of tumours, the 

lUtion and subsequent removal of dropsical waters, 

) eDlftrgonient and subsidence of the uterus, and such 

The reil colour of muscle is well known, but it Coloi 
•B gtEStly iu degree in clifferent citses. It iu usually 
r iu the ioToluutAry muscles ; but here the heart again 
u m atiiking exception. In fish the chief muscles of the body 
are nearly colourless, and in the breast of wild fowl we see 
a di^senoe in the depth of coloiir in different strata of the 
aome moBclGB. The redness is uo doubt partly due to blood 
contained in the vessels, but not entirely so, for a red 
colooring' matter, apparently of the fiame itatiu^ as that of 
the blood, ia obviously incorporated with the fibres. 

DeVflopmftitt of lavalr. — Valentin and Schwann, who Deo! 
were the first to investigate this point, represented that the """' 
uinacular fibres are derived from nucleated cells, which 
L'oahjBce together in rows, and undergo other change)*. 
Nuclei being formed in a soft blastema, are arranged in linaur 
■eries and become siurounded with delicate envelopes, so as 
to form a string of cohering culls. (Fig. 50', '.) The cells 
contun, beddes the nuclei, a few detached round granules ; 
liy kbforption of their adhering parts, they coalesce into a 
tube ; and within the tube so produced, the fibrillie begin 
to be formed, by deposition and linear arrangement of their 
plQUMjntMy particles on its inner siufaco. The formation of 
librib goe« on until they fill up the tube, which after this, 
according to Schwann, becomes the sarcolemma ; but the 
last-mentioned point is doubtful, and there is great reason 
L> believe that the sarcolemma is a subsequent fonnation. 



1 
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The nuclei remain for a time in the axis of the growing Bhn, 
— a condition which is persistent in the miudea of insects ; 
but in higher aniniuls thej become disperaed among the 
fibrils, and increased in number, for thone seen in the perfect 
fibre are more numerous than can be accounted for mecelf 
hj the persistence of the original cell nuclei. 

I httTB seen growing fibres from tUe ftEtal ahccp, whipli wore in tk 
conditiun represeoled by Bchwann, in fig. 60',' ; only ihe gnunlei 
within weie BOmewhHt ngnlarlj disposed ja traosrene lioca betiFMS 
t!ie nnelei. 




H«tile has ingsestctl tLnt tho Dncleited eslls may first coaleace U 
fdnn an axis, round vbich the fibrillie are depouted fmm without,— 
and that the sarcolemnia is then formed on Uie snrface uf Uie fiUc, 
irhikt the axis dLnappeara trum its centre. 

In a recent memoir on the development of mnscnlar fihre in miB- 
malia,t Mr. SiiTory gives a dewriptiou of the prucese ciirreepandiog is 
certain reepoi^ with that given by Henle ; but he finds that freeniield 
and not cells sre imroeiliately concerned in the production of the mnKnlu 
librta To form > fibre a uninber of nndn, finally acquiring an onl 
G(;ure, arrange themaelres in a single row, in which Ihey are doadj 
packed elda l>y side, with their luog axes lying transversely. Tlu 
hlsEtemn, at first irr^nlarly aggr^jated, becomea arranged in two tUD, 
pellucid bands, bordering the fibre, and hounding the extremities of 
the nueld. The fibre next lengthens by asBamption of new materiil. 
and the snolei withdraw farther from each oCher. The Interal bands 



* Pig. 60'. Development of muscular fibre after Schwann, 1, Si !, 
■re fibres from the dunuil muscles of ■ fcetal pig, 3) inches long, 3, 
represcnli tho fibre (2) alter the action of acetic acid. 4, G, 6, an 
fibres &om the muacles about Che tinmeniB •>{ a foitsl pig fire inclHa 
long. G, dhows the nuclei attached to the wati of the tube ; in 4 tad 
6 is also seen the gradual deposition o( tbc sobstance from vhisb tb« 
fibrilln are formed on the inner surfaoe of the tabular fibre (magulW 
about 450 diamet«rsl. 

f Fhil. Trans. ISSS. 
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tbS in, ud altjnutel; coalfBoe id tlie inUrvikls between the nuclei, no 
Ibt Uw fibre bcanuis mneh tbinuer. The naclst Uien dteay and iIIb- 
iTfltr, ud strut become viable viUiiii tbu iDU](ia of thu libra, tho 
fin (alMiqiiciitlT ineretuee in uie bj means of rreah nuclei vbicli 
•^attl tbcmKlvca to tU Filerior, become invested witb blurtemn, and 
_'i SaiMj blttwled with the fibre. 

The fibrea ore nt tint Bmaller than at nbuqnent periodir, as hu been 
r< lired bj Li:«nvenbDe1[ and niDBt ancceeding obwrvers. la tbe 
tahryn frog, at Ihe earliest period that I rould detect a mnuolur 
noctnr*, Uie fibres seemed almoat lo caiuiHt of Ringle fibriUie, c&n- 
HfM *illi remnants ot coalesced and appirenti; flattened oella and 
neld : at a Liter MAge tlie number nf fibrils in iba fibres had jn- 
oaied, and the Gbret Kera of eouiee thicker. 

ll i> well knom that the miucaUr systeFn, after acqniring its fiill 
iI««lupBiral, is (object to frequent variaUona of bulk in the progreia 
af life, and it still remains a qneetiou vhether in audi (a<>eatbe number 
«<1Im mttscDhu- fibres in increased b; new forniation and diminished by 
^^Bilrtiica, or vhether the lariaUon of tbe whole miiwie is due [o an 
^^^H or diminutiuu of the bolt of the indiddual Gbiea vhile their 

^^Ab Gtr as can be condadod from obGcrratiooB snd aipe- Natm- 
riinent* that liave hitherto been mada ou tliu aubject, the b"'™^'«'- 
innsculiu' tissue is not r^eneratod in w.irin-bluoded nnimalB. 
It i» true that when n portion of mugcle is cut out the breach 
vill heal, but the loss of aubstiuice is not repaired by new- 
fc>rmed moscuUr tlssae. 

ritol propatio of tautelt, — Tbe mnscular tiune poaaosea a eon- Tital pro- 
sidenblc dtgree of tewtHiilitg, bnt its characteristic rital endowment, pertics. 
A» alnadf aud, ia irritabUiSy or eaniraetUitg, bj whi^ it eerrea ta a 
moving a^ent ia the auimftl bodj. 

jCcMtWMjr. — This propertj is maniresled bj the pain which is felt SraMblt'ty 
vben a maMls iscnt, lacerated, or otherwise violently injntrd, or when or muscle. 
it is aeitfd with spasin. Here, aa in other instances, the seniibilitj 
belonga, properlr >peaking, to the nerves which are distributed through 
iha (iauie^ and aecordiagl; vhen the nerrea ginng to a mnecle are ant, 
it KgirUiwilh faeconiea insensible. It is by meana of this propert;, 
vliidi b Kanetiniee called the " muscnlar sense," that we become con- 
-'-ioTU of tlie existing state of tbe muscles which are subject to the irill, 
I latller of the eooditina ottbe limbs and other parts which ore moved 
iT-'ingb OKona of the rolantar; muscles, and we are therebj guided in 
■ iiirtlibg cor volnnlarj movements towards tho end in view. Aocord- 
tnglf, when thia muscular mtse is lost, while the power of motiun 
moiiiaa, — a ease which, thuugU rare, jet aometimes occurs, — tbe person 
oannot direct the moTemenla of the affected limbs without the goidaoco 
of the eje. 

IrrUabililg or Canlractiiilii, — The merit of distinguishing this pro- CoiitmoLi- 
peMj of tho animal bodjt from Koailiility on the uno hand, and from [L'JulL'"'' 
mar* mechanioa] phcnomeoa on the other, isdne tu Dr. Francis GUsson, "''""f' 
a oetehnted English physician of the seventoentb century ; but irrita- 
bililj, accnrding t<i the view which he took of it, was suiipoAed to give 
liiB to rariKDn uther pbeuomeDa in the animal economy besides the 



Btlmiiil, 



■ VITAL PROPERTIES OF HCSCULAR TISSUE. 

TiuUe contradJon of masi^le, odiI hie comprBlieDaiTe ikccsptaljon o( ttc- 
term liu bean iuiopt«i1 by inaDy anoceeding antbaritiea, eBpeoaUj bf 
vriten on pBtlioli^ . Haller, la lus ow of tbc lena imtabilitj^ 
reatiicted it to ibe pci^uliar pro]>crt]r of moBolc. 

In order to cause lontrBotioD, the mnnde mnrt be »cit«d hj « rti- 
malQ^ The stimulus lUAy be applied immediatelf to Qm moaeiilu 
tisiiie, as when tltc fibres are irritated with s sharp point ; or it mi; 
be applied to the nerre or nerres vUch belong to the miiKle ; in the 
former case, llie Btimalns ig said to be "immediate," in tlie latter, 
1 "remote." The nerve does not contract, Imt it baa the propert]', 
« when KtimaUbid, of eidting eontraclJons in the maucular fil»ti lo 
whieb it is distributed, and this property, named the "ria nerroM," 
.ia distinguished trom mnttoetilitj, which ii oonEned to the ntuiclc. 
Again, a atimalua ma; he either directl; applied ta the nerve ul the 
muscle, aa when that nerve ia itself mechanicall; irritated or galni' 
nised 1 ur it maj be first made to act on eertoin other nerres, bj whicb 
its inflaenee is, so to speak, condneted in the first instance lo the bnin 
or spinal cord, and then transferred or reflected to the mnseular nerve, 
^e stimuli to which muscles are obedient are of varioiui kiodi; 
those best ascertained are the following, vii. : ]. Mechanical irritation 
of almost any sort, under which head is lo be included sadden exten- 
sion of the muscular fibres. 2. Chemical stimuli, as by the applioliiiD 
uf salt or acrid enbotances. S. Electrical ; usually by meoDS of agi]. 
ranlc cnrrenl mado to pass tbroagh the mnacalar fibres or along tin 
nerve. 4. Sudden heat or cold ; these foor may b« classed logether ss 
>d pkyiical ttimali. Next, maiial ttiinuli, lii. : 1. Tlie operatiM of 
the will, or Tolitjon. 2. Emotions, and some other invulunlary atatta 
of the mind. Lnitiy, there stil! remain exciting causes of lansenlsr 
motions in the eeonumy, wliich, although they may probably turn ddI 
to be physical, are as yet of dDubtfnl nature, and these nntil better 
known may perhaps without improprietj be called orgamc Hianti; 
to this bead may be also referred, at least provigionally, some of Itn 
stimnli which excite cuovulaions and other involiintary motiona whid 
oceor in dineaso. 

In regard to electrical stimuli it must be obserred that, in order to 
prodnce contraction of a muscle by excitement of its nerve, the (leetik 
current lanat pass some way, however short, along the nerve; if tl 
merely cross the nerve diametrically it will haTe no effect. So longu 
u eorrent poshes equably along the nerve there is no eicitemcnt of the 
muscle, for this takes plate only when the current begins or rrnari. or 
undergoes a change (whether by incroise or diminution) of its inlaiii^. 
In ■ viguroiu muscle contraction is always oicjted both on clomng asd 
brrakiog the electric circuit ; in other words, both when the enrreit 
be^ns, and when it ceases ; but in a partially exhausted muscle tlian 
ma; be a difference according to the direction of the current. In the 
latter cose when the unrrent is ilirr.cl, that is. when it parses along the 
nerve in a direction towinls the mnscle, contraction is excited on 
closing the circuit, and then only ; but when the current is inverse, or 
directed towards the root of the nerve, the effect takes place onl; on 
breaking the circuit. 

All muscles are not Indifl*erentty obedient to the same stimnli. Tfce 
difference in their subjection lo the will has been already mcDtioned, 
and thsre are other eases, though of less note, in which they ditbr 
either in their capability of being excited hj a certain kind of stimulus, 
or ia the ifadiness witii which they are affected 1^ it. 
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Phemmena of mtuciUar eontrcietion. — A mnide when in action is Condition 
iliorteiied, or eidiibits a tendency to shorten ; at the same time it swells of a muBcle 
in tile middle and becomes firm and rigid to the feel. This condition, ^|!^^ ^°' 
after oontinning for a longer or shorter time, is succeeded by relaxation. 
Obreftil experiments have proved that the muscle undergoes no change 
of Toltune during its action, the shrinking in one direction being com- 
pamted by the enlargement in another. 

The fibres of a musclei which has been called into action, exhibit in 
imU an oircumstanoes a series of zig-zag bendings, and from this ap- 
peannee, which was noticed by Dr. Hales, and more recently by 
P ief cst and Dumas, it was infeired that the shortening of the muscle 
wm owing to its fibres assuming such serpentine flexures, in which con- 
diftifln of oourse their extremities are more approximated. But from a 
BOie earefnl investigation of this phenomenon there is reason to believe 
tluBt the bent condition of the fibre is not coincident with its actual 
eontnetion. In the act of contracting, the fibre becomes shorter and 
thieker, but does not fall out of the straight line ; on being subse- 
quently relaxed, however, it is thrown into serpentine plioe, and 
remamB so until its extremities, which had been brought nearer by con- 
traction, are drawn out again by some stretching force. Moreover, it 
may readily happen that fibres which are not in action may be corru- 
gated by the contraction of others running along with them. 

Paring contraction the individual fibres are thickened or swollen out Minute 
at diort intervals, and with a high power of the microscope it may be changes. 
leen that in the swollen parts the transverse lines characteristic of the 
■(riped fibre are approximated, whilst in the intermediate narrower 
poftions they are more than the mean distance apart. The commence- 
moot and progress of this change has been carefully studied by Mr. 
Bowman, on detached muscular fibres of the Crustacea. According to 
his obeervations, the approximation of the striss and the simultaneous 
■welling, begin at isolated points along the fibre ; at first not affecting 
its whole diameter, but being confined to one side and causing a series 
of bnlgings on the margin. From its point of commencement the con- 
traction spreads into the fibre equally in all directions, its progress not 
eonfbrming to the arrangement either of the fibril le or the transverse 
•tripee ; and accordingly the latter may be closely approximated on one 
side of the fibre, while on the other side they are at their usual distance. 
Between the contracting parts the fibre is narrower, and its cross striee 
further apart. These contractions, however, do not remain stationary, OsciUating 
but txavel along the fibre ; and parts which are shortened and swollen contractions 
at one moment, become lengthened and narrowed the next, being drawn of the fibres. 
out by contraction of the neighbouring portions, — unless, indeed, the 
ends of the fibre are free, and offer no resistance to their approxima- 
tion ; for in that case the contraction advancing to a fresh portion, 
merely causes a further approach of the ends, and for want of a fixed 
reristance cannot draw out the parts previously contracted. The con- 
tractions continuing to oscillate along the fibre from end to end, gra- 
doally involve its whole thickness ; they increase in number and 
extenti and the ends of the fibre if free to move are drawn nearer and 
nearer, until at last it is greatly reduced in length, its motions cease, 
and it remains in that state of rigidity which affects all muscles sooner 
or later after death. 

It thus appears that in the movements of detached portions of 
mnecle, a multitude of partial contractions oscillate to and fro along 
cadi fibre, and from the appearances presented by muscular fibrei 

YOl. I. i«» 
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*hidi likTB been ruptured by tetanic spasm, Hr. Bownuui is l«l to isAr ' 
th*t the onliuBr; cantnution of muscleB io the liriug bodj tekei pUoi 
inthuway. He conclude* that "the nutuocd active «iiitnetiiai<]f 
a, mnwile is >a act compounded of an infiuite numher of p»rtial tai 
momeiitaTT coDtractionE, iuceuantlj cbaagiug their place, and "'E»e™e 
new partionB in lucceBmon." 

Thia Tiew Btrilcinglj ocmrda with the fact that a remarlcable •mud 
i» heard when the ear is aiiplied over a mnscle during its action. Thia 
" niuKulsr somul," which was compared by Dr. W'llUufton to the S»- 
iant noiae of carriage- ttheels, haa a thrilling or libntlor; charaeto', 
and may with great pnihabUit; he ascribed to the friijtiDn of the eacil- 
laling fibres againit each other. Indeed, Koger, who Gnt ■(wniW 
hare iiiecially called atlentinn to the phenomenon, and, at a later 
period, Dr. Wullaetou, irere led by it to form ooDcluBioni respecting tbt 
atate of the coDtntcting fibres agreeing Tery nearly with what l£r. 
Bowman has aince proved by actnaJ inspcution. Dr. WoUaatoo in- 
ferred that the suataioud eflort eiert«i by a muscle acting under the 
impulse of the will, cousiBts Id reality of a great number of contno- 
tions repeated at extremely short intervals, and excited by a sucofnco 
of distinct impulses ; and Roger supposed that the "BUsumu," ai he 
namea the soujul, is caused by a sort of pcristalric motion of the fihiili.* 
A riae of lemperatnre takes place in a muscle dnring iU contiaelioiu 
Breschet and Becquerel hare found that this may amount to one or two 
degrees of Fahrenheit's scale in the Tolontary contraction of tliemnsdei 
of the human arm, aud Matteucd, by experimenting on the detadud 
limbs of frogs, has shown that the development of heat is cot to be as- 
cribed merely to »me modification of the circulatiun of the bhrad 
in the mnsclc, but that it more probably depends on oiidatioD of iti 
Bubstaace. 

Muscular contraction being attended with a development of forw 
iovulves a waste or chemical change of part of the material employed. 
The special nature of this change is not yet fully ascertained, bat Uwre 
is sufficient evidence to show that some of the couatitoenU of tho mtuele 
undergo oxidation. 

It remains briefly to notice the electrical phenomena which aooompa^t 
'' muscular contraction. When a muscle of a recently killed free ■■ 
brought into connection with the ends of a very delicate gaiTanometn, 
•0 that one extremity of the latter touches tJie outer snrfaee at tiM^ 
muscle, and the other a cross section made through its fibna^Jhd 
needle will deviate so as to iudioaCe an electric current passing akn( 
the wire from the surface of the muscle to its cross section, tf both 
ends of tlie galianometer touch points in the length of the nnwilt 
equidistant from its middle, no efiect ensues, but if one point of coalMl 
be farther than the other from the middle, s current will pass alMg 
tJie wire from the nearer to the more distant point. The same results ttt 
obtained with a small shred or fasciculus of the moscle. The pheao- 
neoon described is called "the muscular current," and is auppceed tu 



' Joseph! Lnd. Itoger, De porpetua fibrarum muscularium palpiU- 
tione, ^0. Oottingae, 17SD. Itoger supposed that the osuillatioo of 
the fibrils and accompanjiog sound are constant, bnt that thej are 
greatly increased during contraction of the muscle. 3ee also ohaer- 
vations by Remak, on the oecitlatory contractianl of muscular GbrM 
after death, in UiUki's Arcbir. IS13, p. 1S2. 
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iadicftto a state of electric polarity in the particles of the muscle, pro- 
bablj caused by chemical changes going on in its substance. When 
eontFaction is excited the galvanometer needle deviates in an opposite 
direetion to that caused by the current of the quiescent muscle, 
and Da Bois Reymond ascribes this effect to a cessation or diminu- 
tioa of the ordinary muscular current during the action of the muscle, 
■0 that it is overcome by a current in the opposite direction, caused by 
Urn polarisation of the platinum plates of the galvanometer. Matteucci 
on the other hand maintains that at the moment of contraction an 
independent discharge of electricity takes place in a direction opposite to 
tibai of the "muscular current." Whatever be the right explanation, 
H is elear that an electric change occurs during the contraction of a 
amede^ and the fact may also be made apparent by the following 
aperiment of Matteucci which it is easy to repeat. Detach the pos- 
terior limb of a frog, dissect out the sciatic nerve as far as the knee, 
kwisg it connected with the leg, and cut away the thigh ; then lay this 
aerfe across the denuded muscles of the remaining thigh or of the thigh 
of another recently-killed frog, insulated on a plate of glass, and excite 
oontractionB in the muscles uf the thigh by mechanical or galvanic irri- 
tatLon of their nerves. Every time this is done, contractions simul- 
taneovaly occur in the detached leg from electric stimulation of its nerve 
bj the contracting muscles on which it is laid. A frog^s nerve and 
mnaeles may be excited in the same manner by the contracting muscles 
of a warm-blooded animal. 

The thermal, chemical, and electrical phenomena together with the 
derelopment of mechanical force, which manifest themselves during 
mnaeular action, are probably all correlated and mutually dependent ; 
fcff farUier information concerning them the reader is referred to 
feneral treatises on Physiology and to the special sources mentioned 
below.* 

Much ingenious speculation has been bestowed in endeavouring to Theories of 
explain the immediate or proximate cause of muscular contraction, but muscular 
on this point we really know nothing more than that the contraction contraction. 
depends on a disposition which the muscular substance has to shrink 
in a particular direction, when acted on by stimuli. Prom what has 
been said, we must also conclude that it is between the minutest and 
to OS invisible molecules that this tendency to approximation is exerted : 
thus, the contraction spreads thn.>ugb a striped fibre without reference 
to the arrangement ofpts visible elements ; it occurs in the apparently 
amorphous contractile substance of the amoeba and other creatures of 
mmilar, low organisation ; and the embryo heart contracts whilst its 
tiMne is yet but a mass of cells, without apparent fibres. It is plain, 
therefore, that any hypothesis or explanation which assumes the visible 
mechanical construction of a muscular fibre as a necessary condition of 
the contraction of its substance, must fall to the ground ; and although 
in the higher animals the contractile substance is fashioned into fibres, 
more or less complex in structure, we can conceive it to retain its pecu- 
liar property, when reduced to smaller masses, and existing under 
different forms ; and it is with this understanding as to the nature 



* Matteuoci's several Memoirs on Electro-physiology in the Philoso- 
phical Transactions, and Abstract of Du Bois Reymond' b Researches 
on Animal Electricity, translated by Dr. B. Jonee, 1852. 
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of the matBria] sudawed with vital ooatradjlity, ttst ire Mcribc tlu 

moUoD of cilia be that propertj. 

Jon of It '"i" '•**" keeDlj diKpnted sinoe the days of Hallar, whether th* 

^tiut)' ctmtractilitf of matcle ia a property inherent iu its subatanee, — ■ " tu 

° inula," aa Haller belieied, — or ia derived from the nerves, and, uil 

'™ were, cunferred b; then on the mnaeular fibre. To duHiusB at Isogtli 

tie aigumenta of this eontrovcra;, wonld bere obvional; be nut <i 

place ; I shall therefore only romark that the former riev ii the mora 

aimple, aad is that to which we are natonilly led on reflecting Uial 

mnscie ia uf a different anbatiince from nerve, — that wbereyar maaclei* 

found it manifeBta the oontractjle property, 



n to c«Dtraot in any 
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the Btnughtforward view originally adapted by Hallar in any wag 
shaken by the eiperimenlal inquiriea that have been iuatituted in {aim 
to determine the qneation,— that is, when the conditiona of Ihsa 
eiperiiDenta are doly attended to, and their reanlta fairly appredaled. 
But, admit^ng that irritability i> not derirtd from the nenon 
syetem, it has been held by some that Uiia property can be accittd only 
throngh the medinm of the nerves, and that a atimnlaa apparvitly 
applied to the niusoular Gbrea really aets an the fine nerrona filamul* 
uitermixed wilii them ; others, again, think as Bailer did, thai 
Although fur ebviona reasons musoles are geuerally, and in vnlnntaiy 
acta always, stimnlated through the intervention of the nerves, yet that 
stimnli may also act directly on the mnicular fibre. The oorraetpcw 
of the latter opinion can Boaroely now he doubted, since, in addilita la 
That has been hitherto nrged in its favenr, we have now what m*y bt 
conndered as direct experimental evidence of its tmth ; for Hr. Bow- 
man has observed, by means of the microsoope, that contractioiii tak* 
place in small insulated Pigments of muscalar fibre, to all appeanasi 
free froiD nerves, — and furtber, that a minute foreign body, sacb u a 
biur or a partiele of dost, when it touches a fibre, will cause a «■- 
tnction which begins at the point of contact and is limited to ila 
immediate vicinity, aa as to show plainly that it i> caused by tie 
mechanical irritation of the particle acting directly on the Gbra. 

Forcible and prolonged action of the Tolnntary muscles ia fblkved 
' hy a sense of fatigue, and the immediate effect of muscular eantnetioi 
Is to exhaust irritability. Bat this is recovered again by repow ; and 
the exercise of nmsclea, provided it alternates with duo intemk rf 
rest, teads to maintain their power and promolf their nutrition and 
growth. Indeed, we see ciamples, in some cases, of an ovei^mwlh or 
hypertrophy cf the mnscnlar tissae from increased demands on IM 
activity ; ss in the instance of the porietes of the heart and oriaaiy 
bladder, when an impediment has long existed to the free issue of tk> 
floids which these mnscnlar organs are called on to propel. On Ike 
other hand the mnsoles become wasted, and thur funetioual aOtitUt >■ 
impaired, by disuse. 

Tonicity or Ionic con(rartioB,— Although in muadea genenlly oca- 
traction is succeeded by complete relaiatioa, there are voriDna dobcIm 
which, after apparently ceasing to contract, remain in a state of tenuga, 
and have still a certain tendency ta approiimate their points of attach- 
ment, although this tendency is connterbolanced by antagonist mascles^ 
wluch are in the same condition, and the moveable part is thus main- 
tained at rest. This condition of muscles is named " tonicity," or *> the 
tonic stale." It is no doubt a species of contraction, as well sa the 
mora oonspicBDua and powerftd action with whieh it may 
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Imt it is employed merely to maintain equilibrium, not to canae 
m otion, and it is not temporary but enduring,— continuing during 
■leep, when volition is in abeyance, and occasioning no fatigue. It 
wppmn to be excited through the medium of the nerves, though inde- 
pndently of the will, for when the nerves are cut it ceases, and then 
Ike muscles really become flaccid : the stimulus which acts on the 
MTvei is not known. The condition of the muscular fibres in this 
tonie state has scarcely yet been ascertained with certainty, but Mr. 
Bowman is disposed to think from observations he has made, that 
Iho cram stris are approximated uniformly throughout the whole length 
of tlie fibre. 

Force of contraction. — It has been shown by Schwann, that the Relation of 
ftiroe exerted by a contracting muscle follows the same law as that force ex- 
1 by the shrinking of a stretched elastic substance ; that it is V^^ ^ , 
at the commencement of contraction, and diminishes as the contniction. 
shortens, becoming equal to nothing when the muscle has con- 
to its utmost degree. From the nature of their connections in 
tke living body, however, the muscles — at least, those of locomotion — 
an not permitted to shorten to their extreme point of contraction ; it 
ie MHwitcid that the shortening seldom amounts to more than a third 
of their length, but it may go greatly beyond this when they are freed 
attachments. Other things being equal, the force exerted 
be proportionate to the number of contracting fibres, and therefore 
in a thicker muscle. But the force varies with the state of 
of the muscle, with its previous vigour or exhaustion, and 
■eoofding to the intensity of the stimulus applied to it. The last- 
circumstance is indeed one of the most wonderful provisions 
ia tlie constitution of our frame, for by an effort of the will, we can not 
OD^J call a muscle into exennse, but within certain limits regulate with 
Ike atmost nicety the force exerted by it. It may be further re- 
marked, that the force which a living muscle is able to exert, is much 
gica>ei ' than that which the same muscle is able mechanically to sustain 
after death ; a dead muscle, indeed, is torn across by a very moderate 



Velocity and order of contradions. — Contraction for the most part velocity of 
'^ place with considerable velocity, but there are differences in this contraction, 
we see examples of extreme rapidity in the motion of the 
cyalidfly and of slowness in the comparatively sluggish contractions of 
dhe alimentary canal and bladder. In some involuntary muscles the 
eoatiaetion varies also in other characters. In the muscular coats of 
inr^«" hollow viscera, such as the alimentary canal, it travels along, 
wo to speak, narrowing different parts of the cavity in succession ; this perigtaltic 
ii named "peristaltic,'' or "vermicular" contraction. In the heart and rhyth- 
tke contraction is continually and regularly repeated after short and mic contrac- 
intervals of repose, and this is termed "rhythmic" contraction, "ons. 
ComdiHona necetsary to mutcular action. — The necessity of a Conditions 
inlns to the muscular fibre has been already mentioned. To this of rauscuUr 
be added a certain limit of temperature and the due nutrition of ^tion. 
tke muscle, both of which conditions have greater influence in warm- 
Mooded animals. It is known that if the supply of nutrient material 
ke cot off from a muscle by arresting the flow of blood into it, its 
enliactility will be impaired, and soon extinguished altogether, but 
arQI, after a time, lie recovered again if the supply of blood be restored, 
experiment has been often repeated on dogs since the time of 
Stenonis, to whom its first performance is generally ascribed, 
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knd the wme effect, ttion^ti ]«■ speedy and leei marked, hu hitB 
Dhaerv«l to mult lu cold-blnodeil aiiimsjB, by Bngelhnnlt and ValenliB. 
The iaflaence of the blood sappUed to muscles in maintaiiiiiie thur oiB- 
traotility baa been Btrihiugl; sbova in noine recent expetimenia bj 
Dr. BrowD-Sfqnard, who hu aucceeded in r(«toring mnacular »B- 
tiactility in the bodies bolb of man and animals some time after doth 
and after it had beoome to all appearance extinct, by injecting in 
veiacla arterial blood deprived of its Gbrin, or detibrijiated Tenum 
previoasly reddened by eipoBare to the air. In warm-bloodBd atiifmlt 
in which the nutritive process is more active, and tlie eipeoditani irf 
force more rapid, the maiateoauoe uf irritibility is more dam 
dependent on the supply of blood and the induenoe uf oxygen, la th 
it sooner fwls after these are cut off. 
f DwnUion of irrifabUily after dtath. — In aecordanra with what hi 
just been stated, it ia known that while the muscles of mui and qnai 
' mpeda all cesae to be irritable within a few hi>uni after deaUi, v 
those of birds stall sooner, the moscnlar irritability will remain : 
many reptiles and fish, eiea for days after the extinction of senwlii 
and rolitioD, and the final oessilion of the reBpiration and inrculatimn,- 
that is, after nyatemio death. A difference of the aame kind is 
observed runong warm-blooded animala in different conditions ; Uih 
irritatnlity endures longer in new-bom animal* than in those wbiek 
have eqjoyed respiration for some time and are more dependent on tliat 
fonction ; and in like manner It is very lasting in bybernating animali 
killed dnring their winter sleep. 

But the duration of this property differs also in different muscles of 
the same animal. From the researi^hea of Nvsten, it appear* that in 
the boDian body its extinction takes place in the following order, ni.: 
1, the left Yontricle of the heart ; 2, tbe intestines and stomacb ; S, 
the urinary bladder ; i, the right ventride ; in these geneialij wilhii 
an hour ; !; tbe gullet ; S, the iris ,- 7, the voluntary mnacleit ' '>' 
the trunk, b, of the lower, and c, the upper extremities ; 8, the left 
auricle, and 9. the right auricle of the heart, which but was on thii 
asconnt styled by Eliden the "nitimnni moriens." In one case Nyilei 
observed the right auricle to continue iiritabte for uzteen hoan sod > 
half after death. 

The time of domtion ia affected by the mode of death. Thnstht 
irritalulity is sud to be almost wholly and immediately extinpusbcd 
by a fatal stroke of lightning, and to disappear veiy speedily in llu 
bodies of persons stifl^ by noxious vapours, sncb as carbaoio add, 
and Bspeeially sulphuretted hydrogen. In like manner eertain esosn 
acting locally on muscles socelerale the extinction of their irritalnlity ; 
among these caoaes we may espedalty enumerate exposure la air, 
Immersion of the moacls in cold water, and the application of waMrf 
■aintion of opinm. It may be observed, however, that the alleged 
effeob of eitumal agents, whether afOing locally or generally, on tbt 
duration of Irritability, requires further investigation. 

iMswr morfii.— The "cadaveric rigidity," or stiffnea of the body, 
which ensues shortly after death, is a phenomenon depending on Ute 
mnsclei, which become fixed or set in a rigid state, so as to rsiisi 
fisxion of the joints. Tbe rigidity almost invariably begins in the 
musoles of tbe lower jaw and neck, then invades thuss of the trunk, 
and afterwards those of the limbs, — tbe arms usually before tlis k^ 
After persisting for a time, it goes off in the same order. It uaallj 
comes on within a few hours ^tcr death ; in some Msei 



BIGOR MURTIS. 

, aail in oiben not till 
uwess, the longer U its 

tduitj, knd lut« longest in the bodies of rohDiBt pereons, cat off b; k 
npidlj fkUl diieue, or anddealf periihiog by & TiolcDt death ; in ancb 
ouea it nuj lut aix or teiea dnji. On the other hand, it aeta in 
(penlilj, ia oomparativelj feeble, and eooa goes off in (sera where 
tiie bod; haa been ninch veskeoed and eouuisted bj lingering or 
eihaiutijig dieeue» ; alao in oeirlxini infants, and in the mnsalea of 
»iiiiii«l« that have bMu hunted to death. It swDia thoa to be affected 
bj the ptvious state of nalrition of the mnaeliH. Dr. Bronm-Siqnard, 
in the eiperimeDt already refaired to, fonnd that the injection of 
bh»d, in renoriog the irntabititj of mnectea after denth, at the aame 
time (umptetelj nmored the rigidity with which they hod become 
aSwIcd. t)eatnu!tion of the nerroDi «ntreB doee not pi'event the 
naeorrenee of rigidity, nor are the maHele§ of paralyeed limbu exempted 
aded their nutrition hu not been too deeply effected. The 
itifleniDg nuiy cause a alight change in the poiition of the 
ch they are attached ; thus the jair ia drawn up, the fore 
igeta slightly Iwnt, and the thomb turned inwatdi on 

na immediate cause ot the miuculac rigidity id doQbtful ; lonie oou- 

eei>« rt to be an effect of lital contnietiiiii — the but effurt of life aa it 

vere ; amne regard it aa the tcanlt of coagolation of blood in the 

capillaries, irlucb, hoireTer, leeiuB a Bcarcely odaiiadble canse ; olheiB 

tarrlbi it to an induration of the fibrin of the miiMular tissue, like what 

in the huffy twat of the blood ; but, in truth, the nature of the 

_ ' not sufficiently underatood. Its general nccesdon ia 

iiuToeal ugn of death. 






NERVOUS SYSTEM. 

Of tlie fiinctiouB performed through the agency of the 
nervous sjatera, soue oru entirely oorporeiU, wblUl oUien 
iiiTolTe phmiomeiin of a mental or pflycbica] nature. In tlM 
latter and higher class of such fHmctions are fitst to bs 
reckoned those purely tnUlUctual oper(itio«3, carried OH 
througli the iaatrumeutality of the braiu, whidi do not 
immediately arise from an exterual etimuluH, and da not 
manifest themselves in outward acts. Tu this class slso 
belong setuation and volition, Iii the exercise of seDsatioD 
the mind becomes coDBcioiu, through the medium of the 
brain, of impresaiona conducted or prox«i^ted to that organ 
along the nerves &om distant parts ; and iu voluntary 
motion a stimulus to action arises iu the brain, and is 
carried outwards by the nerves from the central organ to the 
voluntary muscles. Lastly, emotion, which gives rise to 
gestures and movements varying with the different mental 
affections which they express, is an involtmtary state of the 
mind, connected with some part of the brain, and influ- 
encing the muscles through the medium of the nerves. 

The remaining fiinctions of the nervous system do not 
neoessarily imply any partici]iation of the mind. In the ■pro- 
duction of those movements, termed rrficr, crriled, or eroito- 
laolory, a, stimulus is carried along afferent nerve-fibres te 
the brain or spinal cord, and is then transferred to efferent 
or motor nerve-fibres, through which the muscles are exdted 
to action ; and this takes place quite independently of the 
will, and may occur without consciousness. The motions 
of the heart, and of other internal organs, as well as the 
invisible changes which occur in secrotiou and nutrition, are 
in a certain degree subject to the iuUuence of the nervoos 
system, and are undoubtedly capable of being modified 
through its agency, though, with regard to some of these 
phenomena, it is doubtful bow far the direct intervention of 
the nervous system is neoessary for their production. These 
actions, which are all strictly invuluutory, are, no doubt, 
readily influenced by mental emotions ; but they may also 
be affected through the nerves in circuuistancea which en- 
tirety preclude the participatioD of the mind. 



NERVors SYSTEM. 



tthe nervooB system cotuiiate of a eenlrul part, or tathar a csntTnl 
tiefl of conneoted antral organi, niiim«l the ceribro-ipinal °^^™'' 
w, or cerrbro-ipinal centre ; and of tiie nervu, which luivo 
tiie form of cords coouected by one eKtrcmitj with the 
cerabro-spinal centre, and extending &Din thence through 
(he body to the muaclea, sensible parts, and other org&ns 
pl*oed under their coatrol. The nerves fonn tho medium 
of communication between the«e distant parts and the ceutre. 
One class of nervous fibres, termed affa-ent or tiaUrijietitl, 
oonduot impressionB towards the centre, — another, the 
efirsnt or ctnlrifuyal, carry motorial stimuli from the 
centre to the moving oi^wis. The n^ves are, therefore, 
mid to bo intemunciol in their office, whilst the central 
n receives the impressions conducted to it by the one 
nd imparts stimuli to the other, — rendering 
1 of these impresaions cognisable to the mind, and 
\ duo association, and towards a definite end, 
snts, whether Toiuntary or involuntary, of ditfereiit 
d often of distant parts. 
~ " i the cerebro-spinal centre and the nervous cords, Oinitiia. 

> syHten) comprehends also certain bodies named 
>glia, which are counectod with the nerves in various 
These bodies, though of much smaUur size and 
■ complex nature than the brain, agree, nevertheless, with 
t organ in their elementary stmctnro, and to o. certain 
Q their relutiou to the nervous fibres with which 
J are oonnactod ; and this correspondence becomes even 
a apparent in the Dcrvoos system of the lower members 
f the animal series. For these reasons, as well as from 
evidence derived from experiment, but which is of a less 
cogent character, the ganglia are regarded by many as ner- 
TOQB oentree, to which impressions roay be referred, and from 
which motorial stimuli may be reflected or emitted ; but of 
local and limited influence as compared with the cerebro- 
sgiinal centre, and operatbg without our consciousneu and 
without the intervention of the will. * 

* It miiitt be caafeued that the reoent progress of inqtiir; ia uut 
brmtrable to thia ricw of the office of the guiglia. Prom the re- 
iearehfs of Dr. Aognrtna Waller it would sppenr probable that these 
bodies ei«rt tame influence OTer the nutritioi) of Uie nena-fibrti con- 
Declad with Ibein, aad Bene to muatain the stractanl integrity of tbeae 
fibiTB ; for it has been fonod that when B ganeliODic Dene Is eat aousa 
in a living animal, the part bejood the secbioa after a time beeomea 
atrophied, while tbe ftrt connected with tiie ganghon tvtuoa its 




NERVOUS STSTEM. 



The nerrea are divided into the ei 
n^frapalhetie or ganglionic nervos. The former are distributed 
principally to the slciii, the organs of the eenses, and other 
pBrtB endowed with mauifeet seiiubility, and to motclee 
pkced more or leas under the ooutrol of the nilL They 
are attaohed in pairs to the cerebTo-apinal axis, and like the 
parts which the; supply are, with few eiceptious, remark- 
ably symmetrical on the two sides of the body. The sym- 
pathetic or ganglionic nerves, on the other hand, are destined 
chiefly for the viscera and blood- vessela, of nhich the 
motions are involuntary, and the natural sensibility is obtuse. 
They differ also trom the cerebro-spinal nerves in having 
generally a greyish or reddish colour, in their leas sym- 
metrical urrangemeDt, and especially in the droumstanoe 
that the ganglia connected with them are much more nume- 
rous and more geuentlly distributed. Branches of com- 
munication pass &om the spinal and several of the eerebnl 
nerves at a short distance from their roots, to join the 
sympathetic, and in these commuuicationa the two systems 
of nerves mutually give and receive nervous fibres. 

The nervous system is made up of a substance proper and 
peculiar to it, with inclosing membranes, areolar tissue, 
and blood-veBsels. The ntrvmu subttance has been long dis- 
tinguished into two kinds, obviously differing from each 
other in colour, and therefore named the vihilt, and the grry 



COMPOStTIOH. ^^^M 

The information we possess respecting the cbemieal S^^ 
' position of nervous matter is for the most part founded on 
analyses of jiortions of the brain and spinal cord ; but the 
Bubstiuioo contained in the nerves, which is continuons with 
that of the brain and cord, and similar in physical charaoten, 
appears also, as far as it has been examined, to be of the 
same general chemical constitution. No very careful com- 
parative analysis has yet been made of the grey and white 
matter, to say nothing of the different structural elements 
of the nervous substance ; and indeed it must be remem- 
bered, that, in portions of brain subjected to chemical 
esamination, capillary blood-vessels, and perhaps other 
accessory tissues, ore mixed up iu greater or less quantity 
with the true nervous matter, aud must so far affect the 
result. 



CHEMICAL COMPOSITION OF NKRVOl'S MATTER. 

roos matter may be said to conslBt of ulbumea 
t in w&ter, and combined nith fattj principles aad 
^E^ water, wliich forms four-fifths of tliu whole 
cerebral flitbstaaci.', miiy be removed by immeraion in alcohol 
and evsporntioti. When the aolid matter which remains, 
after removal of the nnter, is treated with ether and hot 
alcohol, the fatty compounds are extracted from it by these 
m«iistma, and there remains a mixture of coagulated albu- 
aMU and luUts with :i small amount of acceasory tissues, 
chiefly vessels. 

AoDotdiDg to VsoqneUn, the humHi bnin oonlaiDii in one hundred 
faitM, mter 80, nlbaraen 7> vbile bt i*£5, red tat 07, oemaiome 
1-12, phoEphonia 1-fi, adib, salta, and mlpliur G-16. Of tlie bt, 
chokateriu forms > Ur^ part. The remiuiider may, occordiDg to Conerlie, 
be Naolved into, 1. C'erebrol, an onBaponiSable and difficultly fuxible 
(kt like oholcstcrin ; 2. EUmcephii, a reddish oil wluoh readily dis- 
uIvcB tlie other cerelinit fklji ; 3, Vrpiuilo' ; and 4. Slrarif^onti, two 
■oM nponiBable &ta of ■ fellow colour, diflering in fuuliiUty and in 
_ itV-i' BilabUity in ether. Couerbe atateB, that these four fiitty wm- 
~ flndfl onntaiii, in addition to the uauol olemeute of Bach sabfltanceay 

n nitragen, nilpbur, and pboaphoruo. 

\ Frimy, who bas lince iaTestigated the subject, represents the cerebral 

a coLsisling of SO per cenL of vater, 7 of albomea, S of 

ai Kits, and 5 of fatty oouBtituentB. These hut are, 1. 

n'd, which in the nio«t abundant; 2. CWeMcrin,- 3. (^<o- 

add; and i. Olein, Margarin, and traces of their acids. 

. . iei Uiat they contain lulphur as a coustitaeal, and he 

nlna tke preaence of that iagredieat to an odmiituie of albumen. 

- la ^^t the oieopboaplioric acid is a very uoelable compound, and 

' ' the influence of slight causee it is readily transformed into 

: add and olein. According to the BamB inqnircr, the fat 

n tho bndn is omfiued almost entirely to ile white anbatance^ 

li loae* its chataol«rislic wliile aspect when the &t has been 

Th* Ibllawing analysia by Laisaigne represonts the relative propor- 
in the grey and white matter :^ 

Grey. White. 

■Water 85-2 ... 730 

Albaminuns mattar . . 7-S ... B'B 

Colourleas fat . . . . I'O ... lS-9 

Bed fat 3 7 ... 0-8 

Onuaiome and lactalee I'l ... I'O 

Fboqihates 13 -.. 1'3 

loO'O iao-0 

* me t]Hlial eord and nerves yield the some conititaents as the brain ; 
nA tbe oord is said by Vauquelin la eonloio a larger proportion of bt ; 
I, according to L'Heritiet, the nerves contain more albomea, and leas 
Vtalid, but more of soft fat than the brain. 




NBKV0D3 SYSTEM. 



y Wben aubjocted to tlie microscope, the nervov 

IB Been to cousiat of two different structural elements, ■viz. 
fibret, and adU or vesKlei. The fibres are found imivetsall; 
in the imrvous corda, and they also coiiBtituto the greater 
part of the jiervous centres ; the cells or veaiclos oa the 
other hand are cunfinod in a great meamire to the cerebro- 
spinal centre and the gajigliji, atid do not exist in the 

Fig. 51'.' 




WM _ 

) properly so called, unless it be at their peripheiri 

' A. Tabular nerre-Gbres, shaving ihs mnnoas outline ud donblo 
contours. 

t. DlagTsm to ihow the puis or a tubular thn, viz. 1, I, neM- 
liranoui lubt, 2, 2, vhilt tubttance or medullary tliailh. S, aiit or 
prinative band. 

0. Figure (iileil) inteodal (o represent the appearances ONuion- 
allj wen in the tabular Gbres. 1, I, membrane of the ttib« ■■«■ 
it partd where the white snt«(aaeo 1im sejiaratcd IVnm it. 2, ■ patt 
where the »liit« sabstanoo is interrupted. 3, alia projei^iDg bejond 
ihe broken end of the tube. 4, part of the eonlenti of the ubt 



TUBDLAE PIBRES. s 

n eome of the orgaiu of apeoial senBS ; thejr are 
a the grey portion o{ the bnuD, spinal cord, and 
_ _ Sfliich grey BnhBtajice is in fact niiula up of these 
nncles intermixed in many parts with fibres, and with a 
rarikble quantity of gTannlar or amorphous matter. 

In further pursuing the subject, vo shall firet examine 
the fibres and cells by themselves, and afterwards con- 
lider the stnictUK of the parte which they contribute to 
form, viz. the cerebro-spinal organs, the ganglia, and the 

The fibres are of two kinds : the lubular or white, and Two u 
th« ffelalinoia or grey: the former are by far the most"""'™ 
kbimdnnt ; the latter are fbimd principally in the eym- 
letic nerve, but are known to exist also in many of the 
nbT<vspinal nerres. 
f Tht Tulniiar Fihret* — These form the whil« part of the ^jj^ 

, spinal cord, and nerves. When coUeoted in con- 

Idenble nnmben, and seen with re&ected light, the mass 

h they form is white and opaque. Viewed singly, or 

r together, under the microscope, with transmitted light, 

e transparent ; and if quite fresh from a newly-killed 

1, and nncbanged by cold or exposure, they appear as 

t entirely hamogeneous in substance, like threads of glass, 

d an bounded on each side by a umple and uanally gently 

i outline. Their size differs considerably even in the siu. 
le nerve, but much more in ditferent parts of the nerroDs 
; some being as small as the .j^yj^j^th and others iip- 
s of the -j^s-ijih of an inch in djamoter, and the same 
« may change its size in different parts of its course. Yery 
lily after death, and especially on esposure to the action 
nuiugly homogeneous fibres become altered ; 
i it is when so altered that they are commonly subjected 
b esamination, as represented in fig. 01', a. In particular stmcti 
uices, and in favourable circumstances, it may be dis- 
I that the fibre is composed of a fine membranous 
hibe, inclosing a peculiar soft substance, and that tlua con- 
tained substance itself is distinguishable into a central part 
placed like a sort of axis in the middle of the tube, and a 
peripheral portion BUrrounding the axis, and occupying the 
^wce between it and the tubular inclosing membrane. In 
the annexed ideal plan (fig. 51', n), the mcmbrwM'U tiibt is 



TUBCLAR FIBRES. 

marked 1, 1 ; the central part, marked 3, nas named 
cylinder axis hj Purkinje, who considered it to be identical 
with the structure previously dtacribed by Heinuk under 
the name of the primitive hmid (fibra primitiva) ; the matter 
Burrounding it, marked 2, 2, is supposed to be the chief 
cause of the whiteness of the brain and nerves, and it was 
accordingly named the white mbslance by Schwann, anil by 
others, though less appropriately, the mtrfiiWory fh^alh. It 
is this kst-mentioned substanue which undergoes the mo«t 
marked change on exposure ; it then seems to suffer a sort 
of coagulation or congelation, and when this has taken place, 
it very strongly refracts the light, and gives rise to the 
appearance of a shaded border on each side uf the nerve- 
tube (fig. 51', A and c). This border, though darker than 
the rest of the tube, is nevertheless translucent, and is 
either colourless, or appears of a slightly yetlowish or 
brownish tint ; it is bounded by two nearly paraUel Udbb, 
so that the nerve-fibre lias then a double contour, and the 
inner line gradually advances further inwards as the change 
in the white substance extends to a greater depth. These 
parallel lines pursue a sinnoua course, often with deep and 
irregular iudeutatious ; while straight or curved lines of the 
some character, occasioned no doubt by wrinkles or oreaset 
in the layer of white substance, nre frequently seen erosung 
the tube. By continued exposure, round and irregular 
spots appear at various points, and at length the contenta 
of the nerve-tube acquire a confusedly granulated aspect. 

The doubia conlonr appears only in librea of n certain siic ; in vpij 
Goe tubes, ithicb b«cuuie variuoso ur dilated at mtcrvals, die double 
line 'a leen obIj in tlie BnlargetntDtn, and not in the niuTow puu 
between. It ofl«D bippeoB that the anh oontenb of the tube are ifc—nd 
out at tfaemptnred extremitiee, u in Hg. Gl', o, 4, and then the roiuid 
or irregulu' msBeCB oF the efluud matter are (itill BDrronndBd b; th« 
doable liDe, which prorea that this appcimnce ia prodnced inde- 
pendently of the menibnuiDUB tnbe. So long bb this tnbe la acenratelj 
; filled by tbo contained matter, its uutline cannot be distingniahed ; but 
BoinetinKia, vben tho white nubstance WFianiteB at vuions ptnnta from 
the inside of the tube, the contour of the fibn becomes indented and 
irregular, and then the meiubtane i>f the tnbe may, in rsvonnbls 
alreunutances, be diBL-emed is an extremely faint line, mnnini outside 
the deeply-shaded border fonned by the white snletance. and Ishing 
no part in its irregnUrnDnodtici (fig. 51', c. 1, 1). Tlie membranani 
tnbe may also be distinguithed at parte vhere tiie coDtinuity of ' 



contained matter is broken ii 



I, Eqneeiing, ( 



such like injury nf the fibre ; in sni^h parta the double line prodncad 
by the white gubsUnoe is wanting, and Ifaa Inint outline of tbe mem- 
braaona tube maj be peroeiied pawing over the ial«miptioii (!). 



TUBULAB FIBRBS. 

ich fonoH thin tube &ppeare to b« quite 
uuture, but it hiu out ;et been deuion- 
it in the Guest fibres of dtJieT tbe peripheral or cvntnit 



The arie is situated in, or a^x, the middle of the nerve- A 
tabs, where it may occasionally be seen, on a careful iuapea- 
tion, aa a transparent stripe or band, bouniled ou either side 
by » very iaint even outline, hiring no share in the siiiu- 
odtiee of tho white substanoo (fig. 61', c). 



Theai 



^bsDf . 



w than the *hit« 



AoljataDiw, >nd may acconlingl; b« Bom«tiui«B seen projecting beyond it 
at the end of ■ brukep nerve-tube, either quite denuded, or covered 
only bf tbe tubular membrane, the interveniug vhite lubstance having 
araped. Although the name of axis-cylinder ironld seem Ui imply 
that il had actnally a cylindrical figure, yet (his is by no ineiuis eerl^n ; 
and whether naturiilly cylindrical or not, it certainly very geaerally 
nppcan mon or leas Battened vhen snbjecteil to examination. One 
writsr (Hannover*) is inclined to Uunk that it is hollov. and that it 
oollapan into a flat band when exposed. This view has been recently 
advocated by Bemak ; BtUl it does not seem probable. The axis mme- 
timea appeals striated longitudinally, and il has boeu observed even tu 
eplit into finer filaments. Otben have conceived that the aoft matter 
contained in the nerce-tabe is of nniform nature throngbont, snd that 
the aiia il nothing more than a portion of this Kulunanoe in the oentre, 
which has remained nncbanged whilst tbe soperficial and more e^cposed 
part has become eoa^ated ; a supposition difficult to reconcile with the 
bet that the axis often appears more consistent, at least more tenacious, 
than the enntopng whit« substance. It seems on the whale more 
probable that thete is an original diOorence of material between tbe 
isDtnl and periphend part of the nerve-pnlp, and that the effect of 
exposure is to rnider the diiferenoe more eonspicnona. Kcillikcr states 
that the axis-cylinder conKiBta of "a solid protein compound, differing 
from oommOD fibrin, and from the fibrin of muscUs;" that it is 
universally present in Ibe nerve-fibres, and may be seen immediately 
aflar death without the application of any rengent whatsoever. The 
nerve-palp, as already stated, is In ita chemii^ conititution an oleo- 
albnmiDOns compound ; and there seems some res^u lo think that the 
oleaginous oonsljtntion is represented enUrely by the wbit^ aubstanDe; 
Tor whilst water, especially when cold, rapidly ptodnees congelation of 
that substance, ether on the other hand canses it speedily to disappear 
as if by solntion, and globules of oil afterwards make their appeaimnoB 
both within and without the tnbe, its remainiug contents becoming 
gianolar. 

Many of the tubular nerve-fibrea, vhen subjected to the Vjircohi 
roicroacope, appeur dilated or swollen out at abort distances ^''"■^ 
along thi'ir length, and contracted in the intervals between 
the dilated porta. Such fibres have been named variam 

;rcbe« microKopiqaCB aur lo ajstiuw Nerroui, 1S4*, p. 2a. 



TDBULAR FIBRES, 

(fig. bTf). They occur prindpnUy in the brain and spinal 
cord, and in the intracranial part of the olfactorj, in the 
optic, and acoustic nerves ; they are occnaionally met with 
also in the other nerves, especially in young animals . 

Fig. 52'.' 




< cylindH- ThsH fibres, however, are naturally cylindrical like tlie rest, 
'" and continue so while they remain uudtsturbed in their 

place ; and the varicose cLaraoter is occasioned by presaure 
or traction during the manipulation, which oausea the soft 
matter contained in the nerve-lube to accumulate at cwtoin 
points, wbibtt it is drawn out and attenuated at others. 
Most probably the change takes place before the nerve-pulp 
has coagulated. The fibres in which it is most apt to occur 
trntH^n. are UHually of Hinall aiise, ranging from -nr^ffti *« jsW*'* 
of an inch in diameter ; and when a very small fibre is thus 
affected, the Taricositiea appear like a string of globules 

• Fibres from the rt 
Kpinal cord, the; Kt v 
iKga. — (ViUatin. ) 
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NON-MEDULL-^TED, AND QELATINOI'S FIBRES. 

together by a fine tranapareut thread. An alreudy 
rked, the double contour caused by congolatioii of the 
white Bubstanci) does not appear in the highly-conHtricted 
parts. Hannover statos that the axis may BOmetimen be 
Been ranning through the TariooaitieB and iindei^iug no 
cxuresponding Uilatatiou. 

Neither in their course along the nervous oord«, nor in Tubukr 
the white part of the nervous centres, have these tubular JJ^'^o^' 
fibres ever been observed to unite or anastomose together, 
nor ore they seen to divide into branches ; it is therefore 
fiur to conclude that, though bound up in numbers in the 
Rome nervous cords, they merely run aide by side like 
the threads in a skein of nilk, and that they maintain 
their individual distinctness from one end to the other. 
They, however, divide in some caseB at their peripheral 
terminations. 

In certain situations norve-fibreB appear which are desti- -v 
tute of a medullary sheath. These " uon-modullatod " 
fibres may be continuous with tubular fibres of the ordinary 
character, which in their progress lose their whit« or 
medullary substance and dark borders. In other cases they 
may exhibit the non-medullated character throughout, as 
in the instance of the pale processes of the nerve-cells to 
be afterwards described. 

Of the Otiatlnous FHirti, — .These, which have also been Oolillnnus 



"grey" 



named " organic " 
in great numbers 

sympathetic nerve, and 
ore also found in many of 
the cerebro-spinal nerves, 
but for the most part in 
much smaller proportion. 
In both cases they 01% 
■Mociated with tubular or 
white fibres, and they give 
a grey colour to those 
nervous cords in which 
they predominate. There 
is some doubt as to the 
real nature of these gtjl.i- 
tinoui fibres ; several anntoniiHt*, 



■fibres (fig. 53'), exist 





GELiTINOCS KERVE-FIBRES. 

deservedly held in high estiiuation, denjiiig that they are 
true nerve-fibres, and maintaining that they belong to the 
cIass of enveloping structures, and are allied in natui^ and 
office to the fibres of areolar tissue, lu their microBCopic 
cbaractera they bear a strong roscmblanee to the plain 
muscular fibres, but are of Kmidler avumge breadth, their 
diameter meaauritig from B^'.-iuth to tj^gth of an inch. 
They are flattened, translucent, and apparently hamoge- 
neouB, or at moat faintly granular, with numerous corpuscles 
reHembling cell-uuclei lying on them. Of these nuclei some 
are rouud, and many oval or fiiaiform, lying nith thair long 
diameter in the dtrectiou of the fibres ; many contain one 
or more nucleoli TheKe fibres seem to be of rather tenacious 
cousistancQ, and are difficult to separate from one another ; 
some observers desciibe them as being sometimes split at 
their ends into smaller filaments. 
!>■ Nervt-cUt or X'erve-vKiklei, — These, as already mentioned, 
constitute the second kuid of structural elements proper to 
the nervous sygtem. They are found in the grey matter of 
the cerebro-spinal centre and ganglions, constituting a 
principal part of the last-mentioned bodies, and thence often 
named gaiiglUmie earjtuaclcs or gawjlloii globuUi ; they eiist 
also in some of the nerves of sjiecinl sense at their peripheral 
u- oxpausious. The most choracteriRtic form in which the 
nerve-celU present themselves, is that of a Teaicle, eon- 
stmctod of a fine simple, transparent cell-membrane, filled 
with granular matter, and cuutaiuing a vesioular itiicleus, 
with one or more nucleoli. The cell-membraiio may be 
demonstrated easily in nerve - colls from the ganglia, 
but only with great ditficulty in those from the central 
organs, whilst in the smallest corpuscles its existence is a 
mattdr of inference only. They differ greatly from one 
another in size ; some being scarcely larger than a human 
blood-corpuscle, others j^gth of an inch or upwards in 
diameter. The greater number are spheroidal in figure, 
especially those found in the ganglia (fig. 54', a, a, 6), but 
they are often more or less angular, oblong or irr^ular 
(i:, d) especiaUy when they have been closely packed ; and 
they are liable, too, to become altered and distorted in 
shape, in the prooe«s of extructing and insulating them. 
But many of Ihe nerve-cells, especially those from the grey 
matter of the spinal cord and certain parts of the en- 
oephftlon, present a very remarkable modification of figure, 
being drawn out at one or more points of their cdrcumferenoe 
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into long filHinentous processes (fig, 550; ^^^ thaae nerve- c 
oelLi, like other nucleated cells vhich present this peculiarity, ' 




are usualljr named "caudate ;" or, according to the munber 
of procewes they present, mii- bi- aud multi-pokr ; terma 
obvioittly ill-chosau, but rendered current by freqiient use. 
Many of Uieui ore of a pyriform shnjie, vrith their ttmaU end 
produced into a slender proceBs either Eumple or brauched 
at it« extremity (fig. 55', a, b) ; othera send out Eeveral 
Budi jirocesses from ditfercnt poiuta. Theae processes are 
formed of extensions of the ccll-inembrane ysitii H» inclosed 
granuiar matter, and have a corresjionding delicacy of utruo- 
n that they irequently break off at a short distance 
lie Tedcie ; they are desoribed by several obeervera as 
prolonged into the nerve-fibres, as will hereafter ba 
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re-cella detached. 
Dull purtiuns of gaDglion, in vMch tha Derre'cellj are 
among tlie geliitiaoiiB fibrea. In O tbe; lav still CDversd 
bj their uipsnle of UQalenB-like caipiuclca (a, a). TubnUr fibres {b, A) 
are seeu {uiaHing through the gsoglioa ; n indicates tha nodeiu of iiM 
*'0s11b io all the fijfure*. — (Fiom YalflEUn.) 
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1 



more particularly rcfurreJ to. Soroetimes, wpecially i 
young animaln, a ebort process extends in form of a con 
nUHBore &om one ceU to another. The niicfeus (figs. ,S 




and 65', n), which takes no share in the caud&te prolonga' 
tions of the oell-waU, is evidently also of a. vesicular struc- 
ture ; it has an eccentric pcmitiou, and a very r^pilar 
ronnd or oval outline, usually much more strongly marked 
than that of the nerve-cell itself ; its fixe, too, is less 
variahle. Sometimes, though rarely, a cell contains two 
nuclei The midenlus appears like a bright speck within 
the nucleus : it varies a good deal in size, lieing in many cases 
as large as a human blood particle, and sometimes consider- 
ably larger ; it al»] would seem to 
Pijf. 66'.+ be a vesicular body. There may 

« ^ I ^^ be two or three nucleoli in one 

^ V ' ^^ ' nucleus. The matter which fills the 

K ■ V * A Qerve-cell is usually finely grauu- 

^ ~- lar, and slightly tinged throughout 
with a brownish-red colour ; and 
colls are often soon, especially those 
of the large caudate kind, with one, 
: sometimes two, much deeper 
coloured brown patches, caused 
by groups of pigment-granules (Gg. 
65', f, d) ; the colour is deeper in adult age than in infancy. 

* Nerre-cells msgniiied 170 dismeWrs. a and h from the cortical 
grey matter o( tho oerebeUum ; c and d from the Bpongy grey matter 
of tbe medullii ublonmtA.^('>, c, and d rin«r UnnuoTeT.) 

+ a. CvlU from the (curtjcal) pre; DiHtt«r of the brain, b and e are 
bom the cortical mtetaoce o[ the ccrebellmn ; b rsHmble detsabed 
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t Other nerve-cells (fig, 66', a) are found in the nervous Vaii 
tutance, ivhich are distinguished chiefly by the pellucid, 
colourless, and homogeneous aspect of the matter contained in 
them ; such cells possew a nucleus like the rest, they are 
seldom large, and have usually a simple round or oral 
figure. They occur along with uerve-cellB of the kind before 
described, and are perhaps merely an earlier condition of 
these. Laatly, smalt Teaicular bodies of the size of humun Nuc 
blood-corpuscles and upwards, containing one or more bright ''*" 
specks like nucleoli, atmund in the grey matter in certain 
situations (fig. 50', i, c). These bodies are exactly like the 
nuclei of the nerve-cells already described, and some of 
them may perhaps be really such nuclei escaped &om cells 
crushed and broken down in the manipulation ; but, looking 
to their numbers and dense array in certain regions (fig. 
56', c), their ])reseuce cannot well be generaDy reftrred to this 
cause, and it comes then to be a question, whether they are 
free nuclei destined to become inclosed in a cell of subse- 
quent formatbn, or actually cells in which the ccU-wall lies 
close to the nucleus, and cannot bo distlDguished &om it. 

I These nucleus-like corpuscles are very abundant in the 

^H Bttperficial grey matter of the cerebellum. 

^H In the grey matter of the cerebro-spinal centre, the nerve- 

^^ oells are usually imbedded in a sort of matrix of granular 
sabatonce, which is interposed between them in greater or 
less quantity, and is very generally traversed by nerve- fibres. 
In the ganglia properly so caUad, the cells are packed up 
among nurvu*fibres, chiefly of the gelatinous kind ; but each 
cell is also immediately surrounded by a coating or capsule 
fonned of gelatinous fibres and a layer of granular corpuscles, 
not unlike the most common kind of granular cell-nuclei, 
united together by a j>ellucid substance (fig. 54', i', a, a). 

Such being the structurul elements of the nervous sub- 
stance, we have next to consider the arrangement of these cells 
and fibres in the ganglia and nerves which they contribute 
to form ; the intimate sb-ucture of the encephalon and 
spinal cord being treated of in the part of this work which 
is doToted to special or descriptive anatomy. 
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1 



^ The bodiM bo named aro found in the following nituatirniB ; 
TIE. : 1. On the posterior root of each of the sptTial nervea, 
on one, and probably the corregponding root of the fifth 
nerve of the encepbalon, and on the seventh piiir, gloBso- 
pharyngeal and puouini^tastrio nerves, involving a greater 
oT less amount of their fibres. 2. Belonging to the sjmpa- 
thetio nerve, (a) — In a serioa along each aide of the vertetoil 
column, connected hy nervous cortis, and oonatitiiting what 
was once counidered as the trunk of the sympathetic (b) — 
On brandies of the sympathetic ; occurring uunieroutily in 
the aMomen, thor&x, neok, and head ; generally in the 
midst of plexuiuiR, or at the point of uniou of two or more 
branches. Those which are found in several of the fosuB of 
the cranium and face ore for the most part plnceit at the 
junction of fine branches of the sympathetic with branches, 
usually larger, of the cerobro-spiual nerves ; bnt they are 
generally reckoned as belonging to the sympathetic system. 

The ganglia differ vridely from each other in fignre and 
size ; those which have been longest known to anatomists 
are most of them large and conspicuous objects ; bnt, from 
the researches of Remak, it appears that there are numerous 
small, or what might be almost termed microscopic ganglia, 
oonueotetl with the nerves of the heart, lungs, and some 

of GangUons are iuveatod eitomally with a thin but firm and 
closely adherent envelope, continuous with the neiuilemniA 
or slieatb of the nerves, and composed of dense areolar 
tissue ; this outward covering sends processes inwards 
through the interior mass, dividing it, as it were, into 
lobules, and supporting the numerous line vessels which 
pervade it. A section carried through a ganglion, in the 
direction of the nervous cords conuocted with it, disoloses to 
the naked eye merely a ooUoctioii of reddish-grey matter 
traversed by the white fibres of the nerves. The nervous 
cords on enturiiig the ganglion lay aside their membranous 
sheatli, and xprend out into smaller bundles, between which 
the grey ganglionic substance is interposed. The microscope 
shows that this grey substance consists of nerve-cells and 
gelatinous fibres. The nerve-cells, or ganglion globules, 
have mostly a round or oval figure, especially those situated 
towards the sur&ce of the ganglion ; those nearer the oe 
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(BTB often angular or poiuted, and many have caudate pro- 
CMMB. Their cell-wall ia said to be stronger than that of 
the cells found In the brain and spinal cord, and they are 
moreover enclosed in captiules fonned of granular corpuscles 
and fibres (probably a modification of connective tissue), ont 
of which they readily escape when the ganglion is torn up 
into fragmonta. The tubular nerve-fibres are, according to 
Valentin, disposed oa follows : one part of them (fibne 
tnnneuntes), keeping together in considerable bundles, run 

>stnught through the ganglion ; the reet (fibne circiim- 
-fieira sen circumnectentes) separate more from each other, 
iud take a circuitoos course among the nerve-cells, round 
which they make various turnings and windings before 
passing out of the ganglion. The bundles of straight fibres 
nsuolly keep near the middle of the ganglion and are then 
surrounded by the globules, but frequently they run on one 
aide. The winding fibres generally run nearer the surface ; 

Iftnd when a series of ganglia are connected by a nervoiu 
ecrd, as in the trunk or main part of the sympathetic, it .1 
Vould seem that these winding fibres are destined to p 
out in the brauches given off from the ganglionio chain, whilst 
the straight fibres run on unobanged through two or throe 
successive ganglia, until at length they in their turn assume 
the winding airangement, approach the surface, and pass 
off into branches. The gelatinous fibres, leaving the 
ganglion, pass along the nervous cords with the tubular 
fibres, and their arrangHment will bo afterwords further 
noticed. 

Remok and HonnoTer state that gelatinous fibres arise Coanwtioa 
from the ganglion globules : Valentin, who denJM the ntiJlJUJS'" 
nervous nature of these fibres, maintains that they ore tbc giugUL 
connected only with tlie inclosing capsules of the ganglion 

». globules, and not immediately with the globules themselves. 
As regards the connection of the tubular fibres with the 
ganglia, there is also a difference of opinion among those 
observer who have made this difficult point in anatomy a 
subject of special inquiry. Valentin held that these tubiilai 
fibres are all derived from the brain or npinsl cord, and pass 
throogh the gangUa, coming, it is true, into close proximity 
and intimate fimctional relation with the ganglion globulea, 
bat none either originating or terminating in a giuiglion ; 
but it may now be considered as well estabUshed that a part 
of these fibres take their rise in the ganglia. This doctrine 
I* rests principally on the two follovmig grounds ; — 1. That in 
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many cases the eommunicatiiig nervous cords which conduct 
tubuhu" fibres from the cerebro-apinsl centre to the ganglia 
contain mauifeatly fower of these fibres than are contained 
in the branches nhich pass off from the gauglia to be 
distributed peripherally. 2. The fact that tjie continuity 
of the fibres in question with the candate processes of the 
ganglion globules uwy be traced by actual observation. Some- 
times, an discovered by R. Wagner in the spinal ganglia of 
the skate, torpedo, and dog-fish, two fibres are connected 
with each ganglion-cell, at opposite sides or opposite poles, 
as it were — one directed centrally or towards the root of 
the nerve, and the other outwardly towards its branches; 
but in man and mammalia the cells are almost invariably 
unipolar, a cell being connected with but one fibre, and even 
where two fibres proceed from a cell they pass out in one 
directbn. The nerve-fibre, as it leaves the cell, appears like 
a mere prolongation of it ; the cell-wall is continuous with 
the tubular me^ibnine of the fibre and the cell-contents with 
the ttKis-cylijider ; further on the fibre increases in size, 
acquires its medullary sheath, and pruMuts the usual eh&- 
racters of the tubular nerve-fibres. 



These are formed of the nerve-fibros already described, 
collected together and bound up in membranous sheaths. A 
larger or smaller number of fibres inclosed in a tubular 
sheath form a thin round cord, usually named nfunicahu ; 
if a nerve be very small it may consist of but one such 
cord, but in loiter nerves several funiculi are united 
together into one or more larger bundles, which, being 
wrapped up in a common membranous covering, constitute 




i (lig. 57'). Accordiugly, in disHoctiug 



* ReprMMitsa nerve naBisCiug of raiiDy smaller conia or fanieoli 
>m|ipeil up in a comuoB areular slieath. — i, ths nerve. B, a single 
fiuicaliu djawu out hoax the rest. (After Sir C. Bell.) 
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Ifint come to an outward covering, formed of areol&r 
lae, but ofteu so stroug and dense tliat it might well be 
Oftlled fibrous. From Uiis oommon aheath we trace lamiuoB 
pmaing innanls between the largtr and unaUer buudles of funi- 
culi, and finally between the funiculi thcuuelveH, oouneutuig 
^^_ them together us well as oonductmg and supporting the fine 
^^^^lood-vessels which are distributed to the nerve. But, 
^^^DtoiideB the interposed areolar tissue which connects these 
^^^^uallest corda, each funiculus baa a distinct and independent 
tubular aheath of ita own, as will be further noticed presently. 

The common sheath and its subdivisiuuB conaiHt of areolar suam at 
tissue, presenting the usual white and yellow constituent ^^y)? 
fibres of that texture, the latter being present in considerable 
proportion. Tbe tubular sheatba of the funiculi, on the ■ 
otlier hand, appear to be formed easentiiUly of a fine 
transparent membrane, which may without difficulty be 
stripped off in form of a tube from the little bundle of 
nerre-fibree of which the funiculus consista. When examined 
with a high power of the microscope, this membrane pre- 
sents the aspect of a thin trannparent film, which 
pArts appears to be quite simple and homogeneous, but is 
more generally marked with extremely fine reticulated fibres. 
Coqiuscloa resembling elongated cell-nuclei may also be seen 
upon it when acetic acid b applied.* The tissue investing 
A nerve and inclosing its proper fibres, as now described, is ~ 
named the ntviiUmmn, and the term is for the most part '" 
applied indiscriminately to the whole of the enveloping u 
structure, though some anatomists use it to denote only the 
■heaths of the funiculi and smaller fasciculi, nhilat they 
I name the general external coTering of the nurve its " cellular 
iheath " {vagina ctUnUmi), 
The foniouli of a nerve are not all of one size, but all are a 
' mffidently large to be readily aeon with the naked eye, ^ 
I Mid easily dissected out tiota each other. In a nerve so 
I dissected into its component funiculi, it is seen that these 
I do not run along the nerve as parullel insulated cords, but 
a together obliquely at short distances as they proceed in 
[ their course, the cords resulting from such uuion dividing in 

* Id HTeral olnKTrotions it hu seemed to me that these coipuicles 
rere attached to llie iiuier Borraceof the membraae. Mr. Beck ioforma 
ae that he baa r«pe&t«dly found ths mcmbnuiR appearing aa if ctim- 
Nned of pulygonal sciiliw or tables, and hence he regarda it as an 
ipithehmn. I have cot luooeeded in ohnrrbg aa epithelial Blructim 
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their fiirthor progress to form junctions i^ain with collateral 
cords ; BO that iti fact the funiLiiIi composing a single 
nerroUB trunk have an artUDgement with re^iiect to ench 
other similar to that tvhich we shall presently find to hold 
in a plexus formed hy the branches of different nerves. It 
must be distinctly uudetatood, however, that in these com- 
municfitiona the proper nerve-fibres do not join together or 
coalesce. They pass off from one nervous cord to enter 
anotiier, with whose fibres they become intermixed, and part 
of them thnfl intermixed may again pass off to a third fiini- 
ouluB, or go through a series of funiculi and undergo still 
fiirther intemuxture ; but throughout all theae successive 
associations the nerve-fibrea remain, as for as known, i:i- 
dividually distinct, like interlaood threads in a rope. 

The fibres of the cerebro-spinal nerves are chiefly, in «ome 
cases perhaps exclusively, of the tubular kind, but in most 
instancea there are also gelatinous fibres in greater or less 
number. Moreover, it has often appeared to me as if 
there were filaments of extreme tenuity, hke the white 
filaments of areolar tissue, mixed up with the true nerve- 
fibres within the sheaths of the fimiculi Lying alongside 
each other, the fibres of a funiculus form a little skein or 
bundle, which runs in a waving or serpentine manner within 
ita tubular sheath; and the alternate lights and shadows 
caused by the successive beu'lings being seen through, the 
sheath, give rise to the appearance of alternate light and 
dark cross stripes on the funiculi, or even on larger cords 
consisting of several funiculi. On stretching the nerve, 
the fibres are straightened and the striped appearance Is 
lost 

VtMdt. — The blood-vessels of a nerve supported by the 
neurilemma divide into very fine capillaries, said by Henle 
to measure in the empty state not more than jg'i]„th of an 
inch in diameter. These, which arc numerous, run parallel 
with the fiinicuU, but ore connected at intervals by short 
transverse branches, so as in fact to form a network with 
very long narrow meshes. 
"f Braiwhing and cenjiMictwn of Ntrvta. — Nerves in their 
progross very commonly divide into branches, and the 
branches of different nerves not unfrequeutly join with 
each other. As regards the arrangement of the fibres in 
theae coxes, it is to bo observed, that, in the branching of a 
nerve, portions of its fibres successively leave the trunk and 
form branches ; and that, when different 
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branches intercommiiniuate, tihrea pHsa from ona nerve to 
become aESOciated Trith those of the other in their RMher 
progress ; but in neither case (unless at their peripheral 
burmnutions) is thure aay suoh thing as a division or 
aplitting of an elemuutorj nerve-libre into two, or an actoal 
jundion or coalescence of two such fibres together. 

A communication between two nerves is sometixaes a 
effected by one or two connecting bmnohes. In suoh com- " 
poratively simple modes of connection, which are not 
tuuBual, both nerves commonly give and receive fibres ; so 
that, after the jimclion, each contains a miiture of fibres 
derived from two originally distinct sources. More rarely 
the fibres pass only from one of the nerves to the other, and 
the contribution is not reciprocal. In the former cikse the 
Communicating branch or branches will of course contain 
fibres of both nerves, in the latter of one only. 

In other C4Mea the branchea of a uerve, or branches de- ri 
lived from two or firom several different nerves, are connecteil 
in a, more complioated manner, and form what is termed a 
plexus. In plexuses — of which the one named " brachial " or 
" aiillaiy," formed by the great nerves of the arm, and the 
"liunbar" and "sacral," formed by those of the lower 
limb and pelvia, are appropriate examples — the nerves or 
their branches joiu luid divide again and again, inter- 
changing and intenaixiug their fibres so thoroughly, tiiat, 
by the time a branch leaves the plexus, it may contain fibres 
from all the nerves entering the plexus. Still, na in the 
more simple comntiinications abeady spoken of, the fibres 
. femain individually ilixtinot throughout. 

I Sotm hrthcr circainMaaKi remain to be noticed an tu tliv course of 

Qerber * has dewribed and figured nerve- fibres, wliich, after rnaniDg N 
a mtaia wajt iu a nerve, appjuvntl; juio in furm of loups wilb nei^h- ■" 
betuing Gbrefl of the tMjBti fanicQlna, and proceed ao furtht^r. Such 
loops might of oonree be represented aa furmed by libres whicii bend 
back and retoru to the nervous centre ; and so Oerber coniiiclers them. 
Be likens thorn to the loops said to be formed by the fibroa at the 
extremitiei or peripheral tanninations of nerros in vsriona sentient 
parts, and regards them sccordinglr as the terminationB of sentient 
fibres appropriated to the nerve itself — as the nem ntrvontm, in short, 
' ' :h depenJ* tb "' ' '' 



I Mberwiie, applied b 



r is, however, involved h 



. elsewherB tluin at ita extremitiea. The whole 



; for, admitting the < 



* Hondbuch der allgemeiuen Anstouiie, (1810,) g 267. 
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of the loopa Tefened to, wliieli ;et requires coDGrm&tion, it is not 
imposmble titut the; ma; be produced by fibres whioh run back only » 
t^ortua vay, and then, entering Another fnnieulna, proceed ooranls to 
the terminatjan of the oerre. Agun, it biu been nupposed, that, in 
Bome inatancea of nervous conjanetinns, certain cuUectiona of fibres, 
' after pasdng from one nerve to another, tale a retrograde eunm in 
that BScond nerre, and, in place of being distributed peripherally with 
it> branohea, turn back to its root and rejoin the orebro-spinal centre. 
An apparent example of such nerrous arches vithout peripheral dis- 
tribution ia afforded by the ojitic nerves in vhich various anatomista 
admit the existence of arched fibres, that seem to pass aorDBs tlie com- 
miasure between these necvis &om one optic tract lo the other, and to 
retnra again to the brain. These, however, are perliaps to be compared 
with the commissural fibres of the brain itseli^ of which there is ■ 
great Byslom connecting the ^rmmetrical halves of thut organ. But 
lustAHces of a wimiUr kind occarring in other nerves have been pointed 
out by Yolkmann ; * as in the connection between tlie second and third 
cervical nerves uf the cat, also io that of the fourth cranial nerve with 
the Snt bnjioh of the tilth in other quadrupeds, and in the oom- 
mnnicaticns uf the FervJcal nerves with the spinal accessory and the 
descendena noni. But certain fibres of the optic nerves take a coorw 
deviating still mora from that fallowed generally, for they appear to be 
continued across the commissure from the eyeball and optic nerve of 
one side to the opposite nerve and eye, without being connected with 
the brain at all, and thus forming arches with peripheral terminatioiiii, 
hut no oentral connection. In looking, however, for an explanation of 
this arrangement, it must be borne in mind that the retina contoios 
nerve'Cella or veaiclei, like those of the nervous centres, and perhaps 
tlie fibres referred to may be intended merely to bring the vesicular 
matter of the two udea into relation iudependenlly of the bnun. 

Origins or Booti of the Nerrts, —The cerebro-spinal uervea, 
OA already said, are Qo:in«ct«d by one extremity to the 
brain or to the Bpinnl cord, and thia central extremity of a 
nerve ia, in the language of anatomy, named its origin or 
root, In aorao caseB the root is single, that is, the funiculi 
or fibres by which the nerve arises ore all attached at one 
spot or along one line or tract ; in other nerves, on the 
contrary, they form two or more separate collections, which 
arise a^iart frota each other and are connected with different 
parts of the norvouA centre, and such nerves are accordingly 
said to have two or more origins or roots. In the latter 
case, moreover, the dilfereut rootH of a iierve may differ not 
only in their anatomical characters and oonnectiona, but also 
in function, as is well exemplified in the spinal uurves, each 
of which HiiBes by two roots, an anterior and a posterior — 
the former containing the motory fibres of the nerve, the 
latter the sensory, 

• MBUec's Archiv. (18*0) p. BIO. 
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The fibres of a oerre, or at lenst a considenLble share of ". 
them, may be trace*! to Home depth in the Hubstance of the u 
brain or spinal cord, and hence the term "apparent or"' 
luperficial origin " has been employed to denote tho place 
[ where the root of a nerve is attached to the surface, in 
» distinguish it from the " real or deep origin " 
[ which is beneath the surface and concealed from view. 

e the different nerres back to their real origin, and ^ 
I to determine the points where, and the modes in vhich 
[ their fibres are connected with the nervous centre, is a 
r of great difficulty and uncertainty ; aud, accordingly, 
I the statements of anatomista respecting the origin of par- 
r ticular nerves are in many cases conflicting aud nnaatis- 
r &ctary. Confining ourselves here to what applies to the 
[ nerves generally, it may be stated, that their roots, or part 
f of their roots, can usually be followed for some way beneath 
Uie surface, in fomi of vrhit^ tracts or bands distinguishable 
from the Burroimding substance ; and very generally these 
tracts of origin may be traced towanls deposits of grey 
i matter situated in the neighbourhooil ; such, for 
j the central grey matter of the sjiinnl cord, the 
grey nuclei of the pneumo-gustric and glosso-pharyngeal 
nerves, the corpora geuiculata and other larger grey mosses 
connected with the origin of the optic nerve. It would 
further seem probable that certain fibres of the nerve roots 
take their origin in these local depnaits of grey matter, 
whibt othen become continuous with the white fibres of the 
Bpinal cord or eucephalon, which are themselves connected 
with the larger and more general coUections of grey mstter 
situated in the interior or on the surface of the cerebro- 
spinal centre. 

There in still much uncertainty as to the mode in which K 

I the nerve-fibres originating or terminating in the grey w 

[ tnatter are related to its elements, and for the moat part, '" 

indeed, individual fibres on being traced into the grey 

Inatter, become so hidden in the mass tm to elude further 

scrutiny. Some anatomists have muintiuned that the fibres 

form loops or slings, which lie in the grey substance, but 

have apparently no organic connection with its etementa. 

According to others, the nerve-fibres arise ftwm the caudate 

I nerve-celLi, being prolongatious of the filamentous processes 

[ issning from these bodies, which, after proceeding a little 

I distance from the cell, acquire the chaiTicter of tubular 

I fibres. It has been already stated that nerve-fibres are 
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connected in this way with the cells of the ganglia, and the 
testimony of many competent observers leaves no room to 
doubt that this lb at least one mode in which the uervsH 
are connected with the grey matter in the ceiebro-Hpinal 
centre. 

The fibres of origin of a nerve, whether deeply impUnted 
or not, on quitting the siirfaco of the brain or Ki>i&al cord 
to fonu the apparent origin or free part of the root, are in 
most cases collected into fimicuh, which are each inrested 
with a sheath of neurilemma. This investment is generally 
regarded as a prolongation of the pia mater, and in fact its 
continuity with that membrane may be seen very plainly Ht 
the roots of several of the nerves, especially those of the 
cervical and dorsal nervea within the vcrtehi^ ctiual, for in 
that situation the neurilemma, like the pia mater itself, is 
much stronger than in the cranium. The funiculi, approach- 
ing each other if originally scattered, advance towards the 
foramen of the skull or spine which gives issue to the nerve, 
and pass through the dura mater, either in one bundle and 
by a single aperture, or in two or more bsciciili, for which 
there are two or more openings in the membrane. The 
nerve roots in their course run beneath the arachnoid mem- 
braue, and do not p«rfon)te it on issuing fi;om the cr&nio- 
vertebral cavity ; for t!ie loose or visceral layer of the 
arachnoid ia prolonged on the nerve and loosely surrounds 
it as far as the aperture of egress in the duta mater, where, 
quitting the uorve, it is reSocted upon the inner surface of 
the latter membrane, and becomes continuous with the 
parietal or adherent layer of the arachnoid. The nerve, on 
eBoaping from the skull or spine, acquires its external, stout, 
fibro-areolor sheath, which connects all its funiculi into a 
firm cord, and then, too, the nerve appears much thicker 
than before its exit. The dura mater accompanies the 
nerves through the bony foramina, and becomes continuous 
with their external sheath and (at the cranial forHmina) with 
the pericranium ; but the sheath does not long mt&iu the 
densely fibrous character of the membrane with which it is 
thus connected at its commencement. 



KuUvl- The aiTaiig«ment of the membrsDcs 
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prolongatioa or lobe o( tbe bruo, ore inTeBtocl siUmallj bj tbu pin 
matur. bnl are not fiisoictUateii. The arachnoid mKaibraue pamM over 
the fniTov of tlie brun in wbich this part of tlie nerve liu«, without 
sBbrdiug it a ipHial inveatment. 

The optia nerve beooniea aubdiTided internally into longitudiaal 
&su(nili b; neorilemnui a little waj in front of tJie <»mniiaiiire : on 
pMsing through the optic fonuneo it receivea a iheath of dura mater, 
which aocompaoiea it aa far as the ejeball. The acoustic nerre bet 
&adcDlated, receiTea ila neuriliniuiia, and acqnirea a Gna atmcta 
altering the meatiu auiUtoHua intemoa in the tempoTal bone, towtirdi 
U>e bottom of which it presentu one or more small gaoglionic Hn>elliogi i' 
oontaining the obanuteriBtic sella. Up to thia point it is livBtitnli 
lUiuileniina, and of soft OmaiKeiice, whence the nuns "pdrtio moUis" 
applied to it. 

The larger root of the fifth pair acqniTes its nenrileniroa and Ita 
&Knaiikited character coonBT at its circoiuference than In the centre, m 
thai, in the rvnnd bnncb of cords of which it eonsiils, those planed 
more ontwardlj are longer than thuae within, and, when all are pulled 
Bwaj, the nDa-fasfliaalar part of the nerve remains in form of a small 
oonical cminenue of ousponttiTely luft nervous substance. 

Moat of tbe nerves have ganglin (»nuected with their 
roots. Tbiia, t]te spiiial iierves have ench a gauglion on the 
posterior of the two roots hy which tbej ariiie ; aud in like 
maimer several of tbe cranial, viz., the fifth, seventh, glosso- 
pharyngeal, and pneumo-gastiic, are furnished at their roots, 
at ItMist within a short distance of their origin, with 
I ganglia whieb involve a greater or leas number of their 
■ fibres, as de&cribed eteevrhure iu the special anatomy of 

Termiuatitm or penpheral extremity of Nerves, — The Tan 

I letults of modem microticopic discovery seemed for a time ^"^ 

I to lead to the conclusion that the fibres of uervoa do nut, e^at 

I strictly speaking, end in the tiMuea in wbich tbej are 

I diRtribiitud, but merely dip into those tisaues, as it were, 

I and, after forming slings or loops of greater or less width, 

) Mttim sooner or later to the nerrous trunks. The fitrtber 

progress of inquiry has, however, shown — First, tbat tbe dia- 

positJoA of tbe elementary fibres in terminal loops or in 

terminal plexuses, through which tbcy return again towards 

the parent trunks, is by no means general ; that they more 

oommonly end by simply truncated or slightly swollen 

extremities, as in ^e instance, to be presently described, of 

those entering tbe Pacinian bodies, or become gradually lost 

to the sight in the surrounding tissue, usually after con- 

oidemble reduction in siee, and after laying aside their dark 

outline, probably from privation of their white Hubatauoe. 

That, even where apparently terminal loo]>s are observed, it 
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is difficult to say whi^ther these mitf not, ia gome coses, be 
cttUBud by Berpentine wiudiuga of the fibres previous to their 
actual tcrmiiiatioD, which may itself be hidden from view. 
Secondly, that elementary nerve-fibraa, although, fta far as 
ia known, they keep entire and distinct in their coitrBo 
along the nerves, do in Torions instances actually divide into 
branches and in some cases unite or inosculate with each 
other, in approaching their termination. Thirdly, that in 
certain cases the fibres of the nerves of special sense, oomo 
into near relation at their peripheral extremities with cells 
resembling the nerve-coIlB of the brain and ganglia*. 

; Pot an neeonnl of the terminatioii of the nerves in different tissues 
nnd organs the reuder is referred to the sevenil husds under which 
these are treated of ; but it Kill be conTenieDt here spedallj to eonsider 
their mode of distrlbuCioo in the skin and in nnalogous psiis of maeoaa 
membrane endowed with » conaidonible degree of tactile sensibilitj. 

In the skin of the frag tbe nerves break np into branebes which 
■ become smaller by repealed division, and nre at lan^h redaeed to fine 
bundles of only two or three fibres each. The branches frequent]; join 
and separate, and tbe larger ones are observed very generally to run 
alongside the blood-vessels : the Gnest mmifieations form at Isst a dose 
uetworic, in which they mutually give and reoeire fibres, and many of 
the individnal fibres divide dicholomonsly kgnin and again, and thus 
attend themselves over a laiger space. Prom this plexus libres pus 
throngh the supstjacent layers of merabrsne towards the surface of the 
skin, and there form a saperficial plexus among the CDtaDeoas glandh 
In the eyelid of the frog, also, in which the plexiform ammgement of 
tbe fine nervous branches is reidily seen, Henle observed nervB-fibroi 
whieh ran singly a long way, and ttien disappGared, there being no 
Bvidenee that they were conUnuons with otheta in form of loops; some 
seemed to end abruptly, and this appeaianoe, which Henle wu dis- 
posed to consider fallacious, has since been JeBcribed again l>y Han- 
nover, who moreover saw otfasr prlDiitive fibres dividing into finer 
lihimeiita, which were arranged into a plexus, and nltimately eluded 
the sight. 

To these examples must be added tbe very remarkable obxervationti 
of Schwann on the teiminatjons of tbe nerves in tbe web or iiu of the 
tadpole's tail In that instance, as well as in the mesentei; of amphibia, 
it appeared to Schwann, that the ordinoiy primitive nerve-Gbres, after 
separating from the fasciculi, divided into other fibres of mnch smaller 
sise, and that the liner fibres resulting from this diviwon, which were 



• It may not be out of place here to remark, that M. Quatrefages 
describes the cntoneons nerves of tbe singular! y-orgaiiised fieh named 
the Anipbioxus or llianchiostoma, as finally dividing into excessively 
detical« homogeneoua librea, each ut which terminates singly in a littla 
oval body below Ihe fine integument. In the figure which accompanies 
his desoriptioD, the small terminal bodies referred to appear not Qalike 
oval cells. 




liClNATIOIfS OF NERVB8. 






Jeatitntc of white lubstuuM fttid wuitcd tlio dark outline, htre Mil 
then (jrCKntod little fnlBreemeiitB or nodules, from whence, Kgun, 
ilelicatc fibrea apread out in cariouR directions, luid connectod them- 
selrei in form of a neCworlc.* Subaeqnent obKimtiontiiiadebjnijgelf, 
an the nerrei of the (ail of tbe tadpole, &re ennflnDsIorj of thow of 
Schwann. The fine Ghree, which are derived from tbe Jiiiirian of the 
ordinary ouea, wuit the bald, diu-k outline which uaiudlj mnrke the 
tabular fibres ; the; also pregeot bers and there alung their conrse 
elongnted ccrpDBetee like oell-nuDtei, and, from their eimilarity in upect 
to the geUlinaui flbree, it might be supposed that they are reall)' pro- _ 
longed Irani gelalinons fibres mixed up with the tnbaUr kind in the ' 
nervoue branuhea ; then con be no doubt, howeier, oe to their source, 
for fine tabular fibres ma; be traced, nhich change in character ss they 
pmceed, lose (heir dark outline, and pass continnonsly into these pate 
nucleiferons filirea; morearer, manj of the decidedly tubular fibres in 
this situation are marked with Duolem-like auqiascles. The inbnlar 
fibres might thus be represented w laying uide their white mbnanoo 
and dark ooUine before dividing or terminating, like those ending in. 
tbe Fncinian bodies, (o be presently described ; but in tbe present ease 
(of the growing tail of the t^pole) the pole fibres are in reality to ba 
conaidered as an earlier conditioa of tubabir fibres in pregresa of 
development. Schwann, who adopts this view, states that the pale 
fibres are the forerunners of tubular fibres, and be oonceires that they 
ore converted into the latter by acquiring the white subetaDce {medul- 
lary sbeatb), and with this the dark outline. Still, whether perfect or 
not, then) fine fibrea mart be capable of receiving and condocting 
sensorial impiBssions applied to tbe decidedly sentient membrane in 
which they are distributed. Kiilliker baa observed loops formed by the 
tubular fibres in tbe tadpole's tail, also divisions of the tubular fibres, 
of which i may add that 1 have also met with one lostauoe. 

The density and opaoity of the outnneous tissue in mnn and qos- In <kln at 
drupeds render the invatigation of the iiltinmte diatribHlion of the '""'.""'_, 
cntaneoqs aervea extremely difficult. As far u can lie aaoertained q™i"P«*' 
they end in a plexas in which divisions, cotuunctions, and tree 
s of the fibres have been observed. Nerve^fibrea pass 
:utiuieoDs papillie, but their final disposition in these 
.s not oertaiiily known. Kalliksr maintains that they form 
loops, although he does not hold this to be the only mode in which 
they end in the papilla!. On tbe other hand, Todd and Buwmun, 
although they saw buncbea of loop-like fibres in tbe {spillB of the 
Uingue, which in many respects resemlile the cutaneous papiUn, nevcr- 
tbeless fsiled U> delect any such loops in tbe papillat of the akin ; they 
wore able to trace solitary nerve tubules ascending a oertuu wny into 
the papilhe, and theu beciming lust to sight, either by simply ending 
fe^else by losing their white substance, by whioh only ihoy are dia- 
lishable fmrn the fibres of other tissues in this utuaUon. This 
nut agrees eaaentially with tbalsince given by Ecker. Tbe relation of 

' These little radinting knots, which are aupposed by Schwann to be 
Ihe remnants of cells frum which tbe fibtee are developed, are not to 
be c<rnf[inDded with the mmifiad eolonrless cells (reeembling in figore 
brBDcbed pigment-cells I which nboond in the tissnein which the nrrvet 
n distributed. 1 have never been able (o perceive any comrMio" 
n the nerve-fibrea and these Inat- mentioned cells. 
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considBied in _ 

In diuceting tbe nerrvi of the lumd and root, certain aniBll on! 
"■»«, Uke litUa «edB, btc found MWohed to their branches ta they 
pui through the sobcutaneons fat on tLair wny to the skin ; and it 
hu been ascertained that e^cli of theoc hodisi TMeivei a nerrona fibre 
»hioh lerminalee within it. The object* referred to ware more than a 
oentnrj ago deaeribed and fignred bj VHtCT,+ as attached to the digital 
nerreB, bnt he did not examine into their 
Btrqoture, and his oheerration aeema not to 
have attract^ much notice. Within the laat 
lew jeara, their eiialence baa been again 
pinnted ont bj Cruieiihier and other French 
anfllomisla, aa well aji by Pnifeasor Pacini of 
I'iH, irho sppean to be tie firat writer thai 
Iiiu giien an account of the intemal stmctDre 
of these coriona bodies and dearly demon- 
strated their essential connection with the 
nertoaa fibres. The researches of^cini have 
bean followed up by Henle and Kallilcer,t 
who named the eorpaaclea after the Italian 
saiant ; and to their memoir, aa well as to 
the article "Pacinian Bodies," by Mr. Bow- 
man, !n the "CydopBdia nf Anatomy," the 
reader is referred tor details that cannot be 
oonTeniently introdnced here. 

The little bodies in question (Eg. 680 are, 

as alreo'ly said, attni'hcd in great numben to 

the branches of the Horvu of the hand and 

foot, and here and there one or two are found 

on other cntaneons nerrea. They have been 

discovered also within the abdomen on the 

nervM of the solar plexus, and they are 

nowhere more distinctly seen or mora con- 

Tenlenll;^ obtained for examination, than in the measnteiy and 

omentum of the cat, between the layers of which they exist 

abundantly. They have been found on the pailic nerrai on the 

glana penis and bolb of the niolbra, on the interoostal nervea, 

aacral {ilexua, cntaneanE nerves of the upper arm and neck, and 

on the infnu>rbital nerve. They are foand in the fmtna, and in indi- 

vidnsJs of all ages. The figure of these eorpnaclee is oval, eomewhat 

like that of a. gnua of wheat, —regularly oval b the cat, bnt mostly 

carved or reniform in man, and BometJmE« a good deal distorted. 

Their mean siie in the adult ia from ^tb to Ath of nn inch long, and 

&om ^ti to jiith of an inch broad. They have a whitish, opaline 

aspect : in the cat'a mesentcty they are neaally more transparent, and 

then a wkitc line may be dialingnished in the centre. A alender stalk 

* A nerve of the middle finger, with Pacinian bodies attached. 
Natural tile. (Aftor Henle and KftUikor.) 

t Abr. Vater, Diss, de Consensu Partinm Corp. hum. ; Vitomb. 
1741, (recns. in Halleri Disp. Anat. Select, torn, ii.) Kjuad. Huseom 
Anatonicum : Helmut. ITSD. 

Z Diber die Pociuischeu EiJrperdien ; Zurich, 1844. ^M 



r pedonole tttacLes lb« corpiude lo the brwicb of Derre with vbiiih 

pH eunwotsd. The pedoncle conrastB of n eisglc tabular oerve-fibre 

i in iluneDloiia ArEolar tuanc^ with one or more Sue blood- 

"i it joins the TOrpuuclB at or new one end. Mid canduett 




I . Magnified view of ■ Padnian body from tlie mesenterj of a <»t, 

bowing the lamellar Etmctnra, the Rajignlea vitb ttieic nocUi, the 

u and cloMr aenes of oapgnles appeariog darker in the figure, the 

saing aloDg thF peduncle, and penetrating the capenles tt 

;b tba central carity, where it losee ito atrong, dark outline, and 

'natea tij an irregular Iinob at the distal and here dikleil end of 

iiit]'. Areokr tinBuc (neurilemma) and blood -Teasele are repT«- 

Inted in tlie peduncle, and tortuouB capillaries are seen mniiing af 

~ Mg the eapenlea. E and o represent the termination of the nerr* 

\ the diital eud of the central cavity and idjoining capnitei, to 

ietics of arrangement. In B the fibre, as well as tha 

irity and capsuleB, ia bifurcated. 
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It Hmsiate, in Ewt, of nnmerooa eoaeentrio inembranonE cnpanl™ 
ineasing each other like the coat* of on onion, witb > Hinatl quantitr of 
tnuuporent and probablir ftlbainiDOiis matter lodgal betweea them, the 
inDermoiit conbunmg a cjlindriml ESTity filled with the wune kind of 
msitter. into which the nerre'Ebre pnaaea. This transparent Rnbutsnce 
waB at ficBt anppaud to hi; fluid, hnt has sinoi been fnand to be of a 
Bolid or gelatinoDB CDDBiEtence. The number of capsules is Taiions ; 
&oni fort; Ui siit; ma; be counted in large corpnerleB. The seriea 
immediately folluwing the central or median ra^t;f, and eumiirehendiDg 
about half of the eutire nnmbei', ore closer together Uiao the more 
exterior ouee, seeming to form a ej'etem bj themaelTes, which girea 
rise to a white etreak oflea diftiaguiBhablc by the eye along the middle 
of the corpnsoleB when leen on a dark ground. Outside of all, the eor- 
pnscle haa a coa^ng of ordmar; areolar tiaaue. The capaules, at least 
the more anperSeial onea, coDaiat eaeh of an internal layer of longita- 
diniil and an eitemal of ciTcular fibres, which lesemble the while fibres 
of areolar andfibrona tiome, witb ceU-nnclei attached here and there 
on the inner Ufer, and a few bisnched Gbrea of the ;eUaw or etactic 
kind running on the ontar. The nerve-fibre, conducted along the 
centre of the stalk, entera the corpuscle, and pawKS straight into the 
central cavity, at the furtJier end of which it tenuinatce. 

The fibrous neurilemma gutronniling the nerve-fibre in the pednncle 
acoompaniea it also in its passage throagh the oeriea of caponlea, 
gradually decreasing in thickness as it proceeda, and ceasing allngether 
when the nerre baa reached the eeutroi cavitf . According to Padni, 
with whom Reiohert agrees ia this partioular, the nenrilemma forms a 
series of eoacentric cylindrical layers which sncfessively become con- 
tinuous with, or rather expand into the capsules, the innermost, of 
oootoe, advancing fiuthest. Others snppose that the capsulea are all 
sacoeaaively perforated by a couical channel which gives paeaage to the 
netre with lis neatilemma, but at the same time has ita own proper 
wal!, round which, on the outside, the npanlea are atLsrhed. Which- 
ever view may be correct, the capnilea ore, u it were, atrung together 
where the nerve passes through them, and each intercapaulor space, 
with its contained matter, ia shut off from the neighbouring ones. The 
IS nerve-fibre, the disposition of which must now be nutievi, is aiuglo aa 
it runs along the peduncle^ nnlees when the latter supports two cor- 
pnsclea ; it retains its dark double contour until it reoehea the central 
cavity, where, diminished in aiic, and freed from ita nenritemma, it 
becomes Bomewhat flattened, and preiienta the appearance either of a 
pale, finely granular, and very faintly-outlined lund or strijie, little 
narrower Uian the previoDS part of the fibre, or of a darker and more 
sharply defined narrow line ; differing thos in appearance according oa 
ilfl fiat aide or its edge is turned towai'ds the eye. The pale aspeet 
which the fibre presents in the centre of the corpuscle has with some 
prohalnlity bi«n aicnbed to ita losing the white substance or modnllaiy 
sheath on entering Ihe oavity ; Eenlc and Kolliker, however, think 
that it is more likely the result merely of a dimioutian in £ie togethar 
with a cerlain degree of flattening. It sometimes happens that the 
fibre regains ita original magnitude and double contour for a ahort 
■pace, and changes again before it terminates ; this is eapecially liaUa 
to occur while it paaaes thiongh a sharp flexure in a crooked central 
cavity. The fibre suds by a sort of knob at the further extremity of 
the median cavity, which is ofttn ilaeU somewhat dilated. In atiij 
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cnset, the fibre, before tenniDstong, diTides into 
repmented in Bgura a : n dirujioa Into three bu been obserred, bat 
this ia very nre. In com of diviuaii of the fibre, the carlty is gene- V. 
nUIy, but uot invariably, divided in a eomsponding nieaiure, and the 
inner set of cajianlea present a figure in keeping with it. It is worthy 
of remark, that the nerre-fibre in its eoane along the cavity runs 
aIniiMt exactly in tjie axis, and it maintains this poaitiOD stbu vhen 
pasBiag throDgh tbe ahmpt fleioraB of an irregDlarly-sliaped caiity. 
It BometiniBs hB]i|jeDa that a fibre passes quite through one corpnacle 
and t«ruiinates in a seoond. reaimdng ita originsl liie uid dark oatllne 
while pawing from the one to the other, rappenheim Btal«s that ha 
baa aeen a nerre-fibre going thmagh two Pacinian bodies withoat 
Icrmioating in either, but returning again to the parent nerre in form 
of ■ loop. Other varieties Dconr, for an aeoaunt of whieh tbe reader is 
referred to the sevenl authorities already mentioned. A little artery b] 
enters the pB<:inian bodies along vith tbe nerre, and soon diiides into av 
capillary branchea, wbioli pieroe tbe parietes of the passage and run up 
between the capeuJea. Mr. Bavmau fiuda that they then form loops, 
and return by a similar roote into a rein oomwponding to tbe art«iy ; 
he atatea also that a single capillary usually accompanies the nerve sa 
lar 03 the oeutral capsal^ and panes some way on its wnll, sometimes 

Nothing positive is known conceming the purpose in the animal g, 
eeononiy whieh thoe cariuoe appendages of tbe nerves are destined to fu 
fulfil. AfWr passing in review various cunjeotures which natnrally 
anggeat IheiDBelves, Pacini, and, after him, Hcaile and Kijlliker, looking 
to a certain correspondeuce in atruotnre between these little bodies and 
the electric organs of the torpedo and other aimilarly -endowed fishes, 
are disposed lo think that the most promising hypotheaia which can in the 
meantime be adopted is that they are analogons in function with these 
electric organs. It most be confessed, however, that any experiments 
that have been institnted for the purpose have as yet altogether fiuled 
to elicit proof that the Fadnlan bodies develope electricity. Cruveilhier 
and othen auppoae that they are morbid or occidental produetiona, 
probably resalting from pressure applied to tbe nerves ; but thur 
oonstant presence (at least in certain regions in the b»dy) in perfectly 
healthy individuals, at all periods of life, and even in the foetus, and, 
above nil, their regular and elaborate internal structure, forbid ua to 
r^ard them as the result of accident or disease- 
As connected irith the present suluect, I cannot avoid adverting to Ti 
the remarkable fact discovered by Bavi, respecting the terminal fibres of 
of the nerves distributed on the hoiwintsl membianons partitions or ^ 
diaphragms in the electric apparatos of the torpedo, namely, that these 
fibm or elementary tnbules actually bifurcate or divide dichotomoualy 
into branchea poBSesaiug the same tnbnlar ciuuacter, which inosculate 
toft«ther ao as to form a network. VTagner, who has since examined 
this structure, reoognises the dlviaion of the tabular fibres, but denies 
the oet-tlke eonjunctjooa ; be states that the nervoax tubules divide at 
first not dichotomoualy, hut into several branches which divaricate 
from the same point, and then, after repeatedly bifurcating, become 
greatly re-laced in liie, lose their dark outline and double contour, and 
it length can be no longer distingnished from the tissne in which tbej 
bin * atatea that he has observed the division as well an the 
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redcular inoionlstionB of the t«nninal nsrve tnboles in an organ wtich 
bu beta latel; discoTered in tbe tailof lorianacuntinDa species of rajB, 
and whicli, iu respect of intimaCe Btrnoture at least, ofers coDBidimibla 
rewmblaDoe to tha eleatric apparatas of the torpedo. 1 have myseJf 
Been the diyision of the tubnlor nerye-fibre« Ithough I cannot ray how 
thej termimite) in the organ referred to, which, it may be well to 
add, was diBcovered by Dr. Btark, of Edinburgh, inlS14, and regarded 
by Mid as an elecCrio appamtug. * 

Difference of cerehro-ipiiud Nerves. — It remaina to ootice 
the difforenceB which, have been obaerved amoug the corebro- 
gpinal nerves in regard to the size of their fibres, and the 
proportionate amoniit of the different kinds of fibres which 
they respectively contain. 

Aa already elated, both tubular and gelaUnoaa Gbres exist in cerebro- 
«piaal nerree, and thuxe of the tnbnlar kind differ greatly from eash 
other in aiie ; bnt aoniE analonuBta conaider that two different average 
ntes prSTUl among the tubnlac tibres, scamly, If at all, conoeoted b; 
intermediate gradation! ; they aouonlingly dhitingnish two -varieties of 
tbem, Dharaoteribtid by their size ; and VaUuDann and Bidder, as wiU 
be more tnlly eipUined in treating of tlie sympathetio ner>e, are 
furtlier of opinion that the small kind are a system of nerrom fibres 
derived from tbe ganglia. Be tbia as it may, the autbon jost named 
have bestowed uinch pains in endeavouring to arrive nt an spprailmate 
estimate of the relative amount of the large and tbe small fibres in 
different nerves, and the following are the more tmijortant resnlta ot 
their researches:— 

1. The nerves of voluntary muscles have very few small Gbm, 
usually in not larger praportJciD than aboot one Id ten. 
g 2, In the nerves of involuntary muscles, whether derived imma- 
( diately from the eerebro-spinal system or from the cympatbetic, the 
small fibres eminently preponderate, being about a baudred to one. 

3. The norvtu going to tbe inlegnmeotB have always many small 
fibres, at least as many small as large. 

i. Nerves of sentient parta of mucous membranes have from five to 
twenty times mure small fibres than large: in mucous membranes 
posaesaing little sensibility the nervea are made op chiefiy of small 
fibres. The nerves diatnbuled in the pulp of the teeth consist prin- 
cipally of large fibres. 

It ia plain, however, that Volkmsnn and Bidder must have reokoned 
in with their small fibres more ot fewer of tbe gelatinous sort, so that 
tbe pro|urtioo assigned to the small fibres in Uieir estimate must be 
taken as innluding gelatinous as well as tubular fibres ; snd this agrees 
with the observation previously made by Remak, that many more 
gelatinous fibres are contained in the cutaneous than in tbe muscular 
nerves. Tbe roots of the spinal nerves contain fine fibres, but according 
to Kemak only in very small proportdon: Volkmann and Bidder statA 
that in man tie anterior roota eimtain proportionally more large fibiM 
than tbe posterior. In almost all nerves the fibres diminish in siis w 
they approach their le 
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I The fibres of the optic nerre far the moat put resemble the white p 
Rms of the bnia, ami nitdtly become Taiieose. The aama U trua of "i 
Cfu aooiutic nene, from its origin to its eatrunce into tha laKm&l ^ 
auditury foramen, whero it becomtw fudcalalM ; kIkj of the intra- „' 
cranial part of the olfactory, which, howsver, eoiitiuuB in adiiidon grey 
matter and nerre-eellB. The bnuichea of the olt&etor; in tlie nose are 
&lu)oet whoUj mode up of fibrea bearing nndei, and baring all the out- 
ward characlen of the gelaUnoDd fibrea, like which, kLbo, they cohere 
or cling Eut together in the bnadlea which they form. Some branchea 
aeem to conain enUnly of mch tibiea ; otben eont&io a few tabnlu- 
fibres inUnnJxeil, which, bowever, may perhaps be derived from the 
natal branchea of the fifth pair. This peculiarity of the branches of 
the olfactory nerye, disUngniahing it ao mncb troax irtber cerebral 
nerrea, waa, aa far a« I know, first digtinctly pointed out by Todd and 
Bowman, although it seems not altogether to hare escaped the notiee 
of preceding anatomints, of ValenUn, for instance, who compares the 
of the oUactory to the nerri molles of the aympathetic 
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This name is commoiily applied to a nerve oi 
present on both sides uf the body, and ci 



system of Oi 

the following parts, viz. : — 1, A series of ganglia, placed 
along the spinal oolmnn by the side of the vertebne, con- 
nected with each otlier by an intermediate nerve-cord, and 
extending upwards to the base of the skull and dowunar<ls 
as far as the coccyx, This principal chain of ganglia, with 
the cord connecting them, forms what is often named the 
trunk of the sympathetic. 2. Conununicating branches, 
which connect tjiesu ganglia or the intermediate oord with 
all the spinal and seveml of the cranial nerves. 3. Primary 
branches passing off from the ganglionic chain or trunk of 
the nerve, and either bestowing themselves at once, and 
generally in form of pleiuses, on the neighbouring blood- 
vessels, glands, and other organs, or, as is the case with 
the greater number, proceeding in the first instance to 
other ganglia of greater or less size (sometimes named pne- 
vertebral), situated in the thorax, abdomen, and pelvis, and 
usually collected into groups or coalescing into larger gan- 
glionic masses near the roots of the great arterieu uf the 
Tiscera. 4. Numerous plexuses of nerves, sent off from 
these visceral or pnevertebral gangha to the viscera, usually 
creeping along the branches of arteries, and containing in 
Tarioufi parts little ganglia disseuinaled among thein. 8ome 
of these plexuses also receive contributions from spinal or 
cerebrsd nerves, by means of branches which immediately 
proceed to them without prcTiously joining the main series 
of ganglia. 
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STaCCTDRE OF SYMPATHETIC NERVE. 



.1 Structure of the tympalMk iieret. — The aeirous corils of 
^ the sympathetic CDtiaist of tubulnr fihres, aud of geUtinoua 
fibres mixed with a greater or less amount of filammitous areo- 
lar tUfiue, and inclosed in a common external fibro-areolar 
aheath. The tubular fibres differ greatly from each other 
in thickness. A fetr are of large size, ranging from ^jj^th 
to y^^l-th of an inch ; but the greater number are of much 
amaller diioensions, measuring from about H^^sgUi to 
■^f, flth of an inch iu diameter, and, though having a well- 
deGned sharp outline, for the most part foil to present the 
distinct double contour seen in the larger and more typical 
examples of the tubular fibre. It is stated by Remak that 
these fibres present nuclei having the characters of those 
which are seen on the grey fibres, but that they exist in 
unaller numbers. This etatement is confirmed by Henle 
and Leydig. The gelatinous fibres present the characters 
already described aa pertaining to them, 
of The more grey-looking branches or bundles of the sympa- 
, thetio consist of a large number of the gelatinous fibres 
mixed with a few of the tubular kind ; the whiter oords, 
on the other hand, contain a proportionally large amount of 
tubular fibres, and fewer of the gelatinous ; and in some 
parts of the nerve grey fasciculi and white fasciculi, respoo- 
tively constituted as above described, run alongside of each 
other in the same cords for a considerable space without 
mixing. This arrangement may be seen in some of the 
branches of communication with the sjiina! nerves, in the 
trunk or cord wliich connects together the principal chain of 
ganglia, and in the primary branches proceeding from thence 
to the viscera. In the laat-mentioned ease the difierent 
fasciculi get more mixed as they advance, but generally it 
is only aft«r the white fasciculi have passed through one or 
more gangUa that they became thoroughly blended with the 
grey ; and then, too, the nervous cords receive a large aocet- 
sion of gelatinous tibres (apparently derived from the 
gan^ia), which are mixed up with the rest, and take off 
more and more from their whiteness. 



r^tiira of BegardiDg the nature of tb« gelatiooiu fibres, there is, as has alnoAj 
le gtUtl- been remarkeil, a vide diflersoce of opinion, for setoral anatoiDisU of 
oui Sbrn. reputatioD den; that they are nervoui fibres at all : it becoToes oecea- - 

■ary, therefore, before proceeding further, to oonsider briedy this 

qneation. 
Tboae who deny tlie DerroDS oatnro of tbese fibres, n\j chieflj loi 

the difference in sspect and anatomical charad^rs between tfaem and 

uuiloubted nervous fibres, and aet'ouat fur tfaeir pteeenea in the nerrea 
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by referriiig them tn tiw clan of eDveloping straoturea ; muataiiiiii);, ia 
Hhort, tlut tbcy are nothing but fibrw of areolar tiAsue imperfectlj 
dcTeloped or otiierwlse modi^eil, and thkt tbey Kire menil; on jt sort 
of Deuiilcmmn for the tuhnlju or true nerrous fibres. To this it nut; 
be replied, in the firit plac^ tbat llie large proportiooKte anioonl of 
geUtinons fibrts in many branches of the ajmpathetio nerve, BUil their 
rarying turongemeut in reapect of the tabulu' 6breB asaucinted nitli 
them, do not atcord with the idea of an eareloping linue. Ifeit, u 
regard* dlHrepancy in strnctare uid ontirsrd upect, we ma; tall to 
mind tJie iiiatAnc« of tho itrrpHl and plun muunlar fibres, as salia- 
laetorily proTing that teitnrea diffeiing widely in anatomical charocten 
bib; yet fnndamentatly agree in fanetion and Tital endowments. 
Moreover, it ia not correct to aay that the gelatinDDB fibres hare the 
characters of nieolsr tissne either perfectly or imperfectly formed ; it 
would he much nearer the truth to compare their appearauoe, as some 
have done, to that of the tabular nenouB fibres in an early stage of 
derelopment, although in saying this it is not meant that they ara 
actually unfiuished nerroua £brts. If there be tianaitiona, u ia said, 
between the gelatinous fibres and the filaoients of areolar tissau, ti'ana- 
itions, too, it may b« replied, are nut wanliag between them and the 
tnbnlar uerve-fihres- Thus, Porkinje, and snbaeqnently Remak tuid 
othen, have described imall'Uied pale fibres bearing nuclei, and thus 
iu so br agreeing with geUtiaous fibres, but, nflrertbeliKS, filled with 
oleaginous fluid contents Iilc« the tubular ; and so alight, indeed, would 
stem to be the gradations with which the twi> kinds of fibrea iiase into 
esi^h other, that Volkmann and Bidder, both excellent obaerrera, have 
been taxed wiLh unwittiDgly reckoning gelatinous fibrep among those 
which they consider as tiie true nerroas fibres, while profesung to 
distjngaiah between Ihem. Again, an nndoobted nerriins tobule may 
in soiae part of its coarae assume characters approaching closely to 
those of the fibres in dispute. Thns, it is no uncommon thing for a 
tubular fibre of the moat typical form, in approaching its terminaldon, 
to decrease in auie, loee its double eontunr, and present the taint oatliue 
and finely granular aspect of a gelatinous fibre : we have seen that this 
change always ocuura when a fibre eaters a Facioian body ; and In tha 
tadpole's tail, as alreudy described, nervous tubules are oontinned into 
fibres which are marked with uuolei, and wholly agree in appearanoo 
with the gelatinouB fibres ; these are probably iDunatura, it ia tnie^ 
but yet they are distributed lo a sentient part, and are capable of oon- 
dncting seDBorial impreasiDiLa. It would seem as if the difference in 
more obvious characteis between the diSerent parts of tha fibres in 
these cases, and perhaps also that between nerve-fibres in general, 
depended mainly on theii reapsotdve sise, and on the diflerent propor- 
tion of their whits substance, ai well as on the presence or alwinco of 
nucleiform corpasclea. Were further proof wanting that a pale bintly 
granalar «Epect, want of dark outline, cohesion with its neighbours, 
and abundant nndei along its counie^ ought not to be considered as 
depriving a fibre of its nervona character, we need only refer to the 
strBCture of the nasal part of the otfiutuiy nerve already pointed out. 

But it is fiirtber objected, that, whilst tubular fibres have been seen 
to uise IVim ganglionic cells, those of the geUtinons sort are imcon- 
neded with these bodies, and appear to proceed from their inclosing 
Capanles, a difference both dininguishing Ihem from nervous fibres, and 
indicative of their enveloping oi neurilemmatic character, ^ithoot, 
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hoiraTet, udmitting or denying the force of thia abjection, were it 
foondal in fact, it muEt be remembered tb&t it leiitti priucipitlly on 
negative evidence directl; oppuaed by tbe puaitive obHrr&tioiie of 
Reoialc and HunnuTer ; and the strennoiu denial by Valentin mid otler 
highly reapectsble nuthoritiea, of the ceonecUoa even of tbe tubnUr 
fibres with ganglionic cells, — a connectiou which has been bo deddedly 
eatablisfaetl by eabsequent oteerrations, -^ught to reader na distrastfiil 
of aa objeetion resting on oegatiTe eiidenee in a case so nearly 
analogous. 

In the last place, it is osaerted that the gelatinous fibres do not 
continue in the nerres as tar as their extremities, and that they are 
accordingly wanting in the branches of nerres distributed in the cuats 
of the inlestinea, and in various other parti supplied by the sympa- 
thetic But Ibis statement is inconsistent with the ubeervationi both 
of Bemak * and of Beck ; t and tlie latter observer mointaina even 
that very fine buudlee of the sympatbeUe sometimes consiM solely of 
gelatinous fibres. 

Kolliter considera that only a portion of the so-called grey oene- 
fibres beloi^g ia reality to tbe nervous system, the rest fuiming part 
of the connective tinsues. Those which are truly tubes he thinks are 
always nerves ; but with regard lo the finer fibres, slntes that their 
contijiuity or non-oontinuity with dork-bordeccd fibres can alone enable 
US to decide upon their real nature. 

We hove next Bhortly to conuder the rel&tion between 
"^ the sympathetic aud the cerebro-spisal syHtem of nerves. 
Od this important question two very different opinions have 
long existed, in one modification or another, amongxt anato- 
mists. I. According to one, which is of old date, but 
which has lately Wq revived and ably advocated by 
Valentin, the sympathetic nerve is & mere dependency, 
offset, or embranchment of the cerebro-spinal system of 
nerves, ooutaiuing no libres but such oa centre in the brain 
and cord, although it ia held that these fibres are modified 
in their motor and sensory properties iu passing tJirough the 
ganglia in their way to and fin>m the viscera and iuvoluu- 
lary organs. 2. According to the other view, the eym- 
paUietic nerve (commonly so called} not only contAins 
fibres derived from the brain and cord, but also proper 
or intrinsic fibres which take their rise in the ganglia ; and 
in its communications with the spinal aud cranial nerveti, 
not only receives fixim these nerves cerebro-spiual fibres, but 
imports to them a share of its own proper ganglionic fibres, 
to be incorporated Jn their brandies and distributed peri- 
pherally with them. Therefore, according to this latter 
view, the sympathetic nerve, commonly so called, though 

• Da Sjiit. Kerr, Stmct. p. 25. + Phil. Tmiis., 184(1, p, 210, 
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■ toot k mere offaet of tlie cerebro-spmaJ iierves, yet, receiving 

• it does a shore of their fibres, ia Dot wholly indepeDdeut, 

[1 tho corebro-spiuai nervos (as oommonly 

mdeistood) cannot be considered as constituted iiidepen- 

' mtly of tha sjmpatlietic ; in ahoit, both the cerebro-spinal 

1 the sympathetio are mixed nerves, that ia, the branches 

if either system consist of two sets of fibres of different and 

dependent origin, one connected ceutrolly with the brain 

d cord, the other with the ganglia. Uuucu, if we look to 

e cfititral connection of their fibres ns the essentinl ground 

t diftiuction among nerves, the cerebro-spinal system, of 

rves might, strictly speaking, be considered as consisting 

md comprehending ail the fibres having their centre in 

I curebro-Hpiiud. axis, whether these fibres run in the 

Ijterves usually <Ienominated cerebral and spinal, or are 

ftdiatribut^d to the viscera in the branches of the nerve 

■ tutoally named the sympathetic ; and, on the some ground, 
Kihe sympathetic or ganglionic system, strictly and properly 
Bio called, would consist of and comprehend all the fibres 
Ktennocted centrally with the ganglia, wherever such fibres 

t and into whatever combinations they enter, whether 
l-JBcceeding to the viscera or distributed peripherally with 
8 of the body geuerally ; the gangha on the root* 
B Of the spinal and cerebral nerves, with the nerve-fibres 

mating from them, being reckoned into this system, as 
I well as those usually deuominated sympathetic. While 
I nady, however, to acquiesce in the ju.^tice of the above 
^distinction, we do not mean to employ the terms already in 

I in a aenae iMereut &om that which is currently 
eived. 

oaring to dmidt betveon the two viewg abare staled, it 
ijr be fint ohsetred thH the ciiaicuce in the syuipDlbetiu atnt of 
» oounecled centrallj with the cerobro-apiuil oiis, is proved oot 
y b;r traciog buuille* uf fibres from the roots of Ibe nfioil nerves 
>g th« commDnicBting branches acd into the STiapathelic, but bj 
le pain or nnraiiy KDsatiaiu which arise from disease or diitorbBnee 
a oigiuu, such tu the iiitestiiies, sDjiplieil eiclniivel; b; what oie 
uidered btanches uf the ajruipathetie, bj experimeuts oo living ot 
lenUj-killtd K gimalu , in whiuh artificial irtilatiea of the roots of iha 
nerves, or of various porta of the eerebro-Bpiiial centre, camed 
QUta of the vieceia, and b; eiperimeata oa the ■ympathetis 
!D the neck, b; which it is shown thai the dilatatinu of the pu^ 
id the tonidt; of th« culaneouB vessels of the head ore depeudeat on 
IS whioh pus olnng the syuipslheCie nerve but ore centndl; roa- 
«d with the upper part of the spinal cord. 
[ ThcM fiuti, it ia evident, oecotd with both of the above-mentioned 
IS respecting the contUtation of the Bympathetio; but it nia; b« 
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further ihotrn that this nerve ooataiiiB fihm irhieh uise {rom the 
ganglia aud take a, pcriphenl cotmo, so that the Becood of the tvo 
opiuioDS approachei oesrei tu the trutli. Id support of this ruaertiOD 
im ma; odiluce the BCtnal obsarmtioo of nerre-lilireB proceeding from 
the Derre-uells of tho guiglin in a peripheral direction oaly ; and iJiere 
&re alflo other gnnuidB for believing that mors fibroB pass out of the 
i^rmpatlietic ganglia than can poaaiblj be derived from tbe brain and 
eord. Thii Beemi to fuUov from a cooipariKin uf the aggregalf siie uf 
the branehei! iBiuing from theee ganglia nith that of ill the bnuiuhes 
■whioh can be auppoaed to enter thorn. To eiplain tbia, however, we 
jDOBt fint ocjnsider the mode of conunonication betveen the Bjmpathetic 
and Bpinol nerves. 

1- The branches of conunanicatjan which pass between the ganglia or 
gangliated cord uf the ajupathetic and the spinal nerves, are connected 

ij with the anterior and greater branch of each of tbe btter nervea, a 
little in advance of the spinal ganglion ; aud at tbe point of connectioa 
the commnnicaljng bninoh in most cases divides into two portions, one, 
central, running towards the rootfi of the Hpinal nerve and Uie spinal 
cord, the other, peripheral, taking an outward course along with the 
anteriur branch of the spinal nerve, with whii^h it Ixxomea incorporated 
and distributed. It can bcbtcbIj be donbted that the central portion, 
whilit it niaj contain fibres sent bj the sympatlietio to the spinal nervei 
or to the spinal cord, most nscesaaril; cont^ all thuee which proceed 
from the cord to the sympathetic^ and that, on the other hand, t^ 
peripheral divisiou most consist of fibrea immediately proceeding from 
the ajmpatfaetie and distributed peripherallf with the spinal nerve, Jt 
is fbrtber observed, that in mme of the jODCtiona with the epinsl nsrvn, 
the central and peripheral divisions of the conunnnicatjng bcancb are 
about equal in size, and that in others tbe central part is greater thajj 
the peripheral, whilst in others, agun, the peripheral prevails over the 
central, tfow, in an animal such as the frog, in which the spinal 
nerves are of small siie and few in nDmber, it ia possible, with tbe aid 
of the mieroecope, to compare b; meoaurenient the central and peri- 
pheral divisions of the communicating brauch in all the coukinuniuationB 
between the sympathetic and the sp'msl nerves, or even to cooat the 
fibres when the branebea are very fine; and b; each a comparison 
Tolkmson and Bidder have shown, tliat, after making all reuonable 
dednctinna and allowances, the whije amount of the fibres, or at lean 
the aggregate bnlk of the bscicoli, which obviously paaa from the 
sjmpHthotifl and run ontwards with the spinal nerves, conuderabl; 
exceeds that of tbe central bsciouU wliicli must cuntaia the fibres 
cuntributed in the sympathetic from the cerehro-spinal system ; and if 
to these peripheral fibres we add the branches distribnted to the viscera, 
it seems plain that more fibres must proceed from the ganglia than can 
possibly be auppused lo enter them from the spinal nerves or spinal 
cord, and that consequently the ganglia must themselvea be centres in 
wbich nerre-fibrea take their ri«e. It is worthy of remark, tjiat in the 
Crog, according to the obserrationa of the anatomiate just named, the 
central division of the commnnicaldng cord greatly eiriceds the peri- 
pheral in the connections with the upper apioal nerves, but that luwer 
down it gradually diminishes, absolutely as well aa in comparison with 
the peripheral, aud at length disappears altogether, so that tbe Oavi- 
cnU connected with the 8lb and StJi spinal nervoa are entirely peripheral 
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I Another circiicnsteiice itill retuuiu to be notind rMpectJug tb« Slfiereni 
nmmiucBtioDK of the sjmiiitlietip and spinal ncrTee, It bw h«en 
ludg known tLst in most of these communkationB there are uaiul]; 
two couiKtiDg HiHa pawing between the ijiapatbetic and the spinal 
nerre ; and it baa been remarked aba b; lariona obaerreiB, Uiat iJiew 
corda conlaiB grej lu well ns white fsscicoli. Hore receutlj, faawerer, 
^^^ Todd and Bowman have laUtrd atttotion to the faul that one of the two 
^^^RMciaectiDg mrda is altogether of the grej kind, oonBlating of gdaldnom 
^^H^fo«s, with, SI umal, a very few white or tnbnlar fibres mixed with 
^^^Mem iuidthuiobBerrBtionhaasiDC« been HwfinuKlb; Beck. The other 
^^^^Vvd either ia entirelj white, Or, more eommonly, as app^*" to me, is 
^^B Bade up of a wbit« and gre; portion rnmiiQg atongBide eaeh other. It 
tiWni high] J pMbable that the while cords and tlie white furioDli of the 
Bixad cords conlain Uie cershro-spmol Gbrea which the spinal nema 
oonttibnte to the s;mpatbetio, and that the gre<r cords and fasdculi 
are coatributiouB from the Bjmpatheda 1« the spiuil nerrea. In oor- 
raboration of this view, Mr. Beck obBerves that the Krej eorde on 
r karing the ganglia give BmaU bmncbee to the neigbbonring Teanle, 
ud are reduced in tiie before joining the spinal nrrvea. Another 
. intetuting fact rvspwting lhe« commnnicatioas has been pointed not 
Vt the hut-named obserrer Bomewhat similar to that previonslj noticed 
I in the frog, namely, that, whilst the gnij and white connecting cords 
I Wt in the thorax of nearly equal sixe, the grey one relatively inereMsi 
I lower down, aod in the petvia constitatn the sole communicaUoit 
I between the McnJ ganglia of the sympatbetjc and the spinal nerres, 
rtbe white branches &oin the latter to the sympathetic iiossing over the 
l>>acra] ganglia without joining them, \o enter (be sympatbetjc pleinaBS 
Hnt to the pelvic viscera . 
The tubular (ibrea of (scb white oommunioiUng fascitmlus am be Connecttoll 
[ fanoed l»eh lo both the anterior and the posterior root of the eiunot w'f' «' 
ind gelatinooB fibres from the grey foscicnlus may be traced up qf'tNi 
inlo the anterior root, and as far as the ganglion of the iKietenor root, ngrve ami 
wbieh root baa also gelatinous fibre* above the ganglion. Whether ■l>Ui>l cord. 
these central gelatinous fibres proceed from the sympathetic le the 
1 cord (possibly to be distributed to its veasels), or are sent from 
ird and spinal ganglia to the sympathetic, or pots both ways, is as 
yet nncertain. 

As to the ftirtber progress of the eerebro-Hpinal fibres conveyed to Courae of 

sympatbeUc by the commnnicaljng branches, Valentin hae end™- j'^'^!^^^" 

ured lo show, that, after joining the main gangliated cord or (mok theuc. 

the sympathetic, they aU take a downward direction, and after mn- 

i^ng througb two nr more of the ganglia, iiass off in the branches uf 

diabibntioa leaving the trunk mnaidcnibly lower down than the point 

Itbere they joined It. Be conceives that this artangemeut, which he 

Mils " lei progreashB." ia proved by experiments on animals, in which 

)k found, that, nn irritating different parts of tlie cerebro-ipinal axis, 

■f well M different branches of nerves, the visoerol movetnents which 

ibllowed bon a relation to the point Irritated, which corresponded wiUi 

ion of anch an omngement. Volkmonn and Bidder, on the 

other band, endeavour to ibow that this opinion conuut be reconciled 

with the observed anatomical disposition of the flbrea ; nor will the 

expeitnientat evidence in its favour apply to the upper part of the 

•yiDpathetie, where, as Valentin himself admila, motiirial fibres must 
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'"w^M™ T^ii what has been Rtated it Boema reaaonalile to 
ititution of elude that nerve-fibies take their rise in the gimgha both of 
lymp-tlMiic jjjg cerebro-Bpinal and symputhetic norrea, and are in both 
kinds of nerves mixed with fibres of cerebral or spinal origin; 
that the ganglia are neirons centres which may probably re- 
ceive through afferent fibroa impressions of which wo are un- 
consdouB and reflect these impressional stimuli upon efTerout 
or motor fibres ; that perhaps, even, certain motori&l stimuli 
emanate from them, the movements excited by or through 
the ganglia l>eiag always involuntary, and affecting chiefly 
the muscnlar ports of the viscera, the sanguiferous, and 
perhaps the absorbent vessels ; and that, in fine, the chief 
pnrpose served in the animal economy by the gaugUa and 
the ganglionic nerve-fibres, whether existing in acknow- 
ledged branches of the sympathetic, or contained in other 
nerves, is to govern the involvintary, and, for the most part, 
imperceptible movementB of nutrition, in bo far at least as 
these movements are not dependent on the brain and spinal 
cord ; for it must not be forgotten that there la unquoB- 
tiouable evidence to prove that the visceral and vascular 
motions are influenced by nerve-fibres connected with the 
oarebro-spinal centre. 

Among various physiologiatB of consideration, who adopt 
this view in a more or leas modified shape, some have been 
further of opinion that the fibres of ganglionic origin differ 
in structure, size, and other physical characters from those 
which arise in the cerebro-spinal sxIb. Thus, Remak at one 
time oonaidered the ganglionic fibres to bo exclusively of the 
kind above describod imder the name of gelatinous fibres, and 
these he accordingly proposed to distinguish by the name of 
"organic," from the tubular, which ho regarded iis cerebro- 
spinal fibres ; but he has since modified this opinion. 
Volkmann and Bidder, on tlie other hand, rejecting the 
organic fibres of Bemak, denying to them indeed the 
ohumcter of nervous elements altogether, endeavour to 
show that the true ganglionic fibres are identical with 
the smaller variety of tubular fibres, which especially 
abound in the branches of the sympathetic — fibres which 
they hold are characterised by small size and by other 
peculiarities already mentioned. They contend, that, 
wherever these smaller fibres occur, whether in the eym- 
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f jAihetic or in the branches or the roots of the spinal or 
I cerebral nerves, thej nre derived from the g&uglia, whilst 
I ike Urger-aized ttibular fibres, in the sympathetic aa well as 
Bin the R]iiD&l nerves, lure of cerebro-spinal origin. As regards 
fthis question, I must confess, that although there is aof- 
r'Aoiant j^und to ndmit the existence of fibres centering is 
aa well as of others which arise from the 
fcawebro-spuuil axis, there does not seem to me to be conclu- 
! evidence to show that peculiar anatomical characters 
I are distiuctive of the fibres of different origin ; and for 
F Might that has been proved to the contrary, all three 
I Tarietien of fibres spoken of, liLTge tubular, small tubular, 
F end gelatinons, may arise both in the corebro-spinal 
I the ganglia ; although it is certainly true 
! Uiat the two latter Idnda largely predominate in the 
sympathetic, and abound in other nerves, or branchsi 
of nerves, which appear to receive large contributions from 
ganglia. 



) fihros of nerves are endowed with the property of Aftnnt 
r transmitting impressions, or the effect of impression*, from prDpstt^o' 
r tte point stimulated towards their central or their peri- """"■ 
I pheral extremities. One class of fibres conduct towards the 
} nervous centrea and are named " atferent," their improasions 
I being " centripetal ; " another class of fibres conduct 
1 towards their distal extremities, which are distributed 
Ein moving parts, and these fibres are named "efferent," 

their impressions are "centrifugal" Impressions Bmntlon. 
intripetally along the nerves to the brain give ^^l^u 
I, vaijiug according to the nerve impressed, "O™. 
1 the objective cause of the impressioD : stimuli traii»- 
1 outwardly, on the other hand, are convoyed to 
Enuacles, and excite movements. Motorial stimuli thus 
ing along eflerent nervous fibres may emanate from the 
" mtary and emotional movements, or possibly 
Kfrom some other central part, as in the case of certain iu- 
Kvoluntary motions ; or such stimuli may be applied in the 
Bfint instance to afferent fibres, by these conducted to the 
fltfain or some other central oi^n, and then " reQected" by 
1 oentr.ll organ to efferent fibres, along which thoy are 
lopagateil to the muscle or muscles to be moved ; and in 
e the intervention of the central organ may give rise 
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r not, the difference i 
depending on the port of tlie nen 
reflection takes place. 

The property of cooducting a gtimuloB or propagating iU 

I. efiects in a determinate direction, belongs to the fibres of 
the nerree, and in all probabilitj also to the fibrous part of 
the nervous centre, while it ia probable that to the grey 
matter of the central oi^ns, and especially to its cells or 
veaicleB, ia assigiied the office of receiving impressions con- 
veyed from without, and presenting them to the conaoiona 
mind, of mediating between the mind and the efferent 
fibres in excitation of the latter by mental stimuli (aa in 
Toluntary and emotional acta), of transferring to efferent 
fibres BtimuU conducted to the centre by afierent fibicti in 
the production of reflex movements, and, po.^bly, of 
originating purely corport-al stimuli in certain involuDtv; 

- motions. Many physiologists Hupposc, that, in addition to 
these endowments, the nerves have a peculiar power of otm- 
troUing and regulating the molecular changes and chemical 
actions which occur in nutrition and in other allied pn>- 
ceeses ; but it may be fairly (luestioued, whether tho effect 
justly attributable to the nerves in such coses is not prodnoed 
merely through tho influence which they OTcrt over the 
motions of the minute vesaels and contractile tLsauea con- 
cemeil in tho processes reforreil to. 

1, The properties above mentioned, of the nerves and uer- 
Tons centres, have been commonly ascribed to a pecniixr 
force developed in the nervous system, which has received 
the names of " nervous force," " nervous principle," 
" nervous influence," and " vis nerroea " (in the largest 
sense of that term) ; and whilst some physiologiKts consider 
that force as a species of agenqr altogether peculiar to 
living bodies, others have striven to identify it with «ame 
of the forces known to be in operation in inanimate natuiv. 

1 The greater number of nurvca possess l«th afferent and 

' efferent fibres, and are named compound or moto-sensoij, 
inasmuch as they minister both to sensation and motioB. 
In such compound nerves the two kinds of fibres are mixed 
together and bound up in the same sheaths ; but in the 
most numerous and best-known examples of this class, Um 
afferent and cffurunt fibres, though mixeil in the trunk Mid 
branches of the nerves, are separated at their roots. TUt 
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DEVBLOPMKKT OP KERVBS. 

many f^iniculj, and the posterior passing through a ganglion 
with which the fibres of the outerior root have no counection. 
Now it bsM beeu ascertained by appropriate experimentB on 
ouimals, that the anterior root is effarent and contains the 
motor fibres, and that the posterior is afferent and contains 
the sensory fibres. The fifth pair of cranial nerves has u 
sensory root fiimiaheil with a ganglion, and a, motor root, 
like the spinal narvea. The gloaso-pharyiigeal and paeunio- 
gastric nun'us are also decidedly compound ia untura ; they 
are also proridefl with ganglia at their roots, which involre 
a. greater or less number of their fasciculi ; but it has not yet 
been satis&ctorily determined whether in these nerves the 
libres which have different properties are collected at the 
roots into separate bundles, nor how they ore respectively 
related to the gangba. The aympathetic, as already stated, 
contains both afferent and efferent fibres. 

Simple nerves are nuch as contain either afferent or 
efferent fibres only. The olfactory, auditory, and optic are 
simple afferent and sensory nerves. The third, fourth, and 
sixth, the facial, the spinal accessory and hyjioglossal nerves 
ore generally regarded as examples of simple motor nerves ; 
there is reason to believe, at leant, that they are simple and 
motor in their origin, or as far as their proper fibres are 
concerned, and that the senaibtlity evinced by some of them 
in their branches, is owing to sensory fibres derived from 
other nerrefl which join them in their progress. 



Schwann fonnd that, in the fcctal pig, three inches long, th« com- FariDDtlDu 
BieDcinj; uerrea consisted of a gmDular matter inriisdnetij amuiged in ^{.""T* 
pale, longitadinal, coherent fibreii, with wll-naclai contained in or fiaJ^^''g, 
altaebed to them. Though he fasa not been aM« to tru» their earliait 
BUigea, he iafm, trota the anslogj of the mnacnUr tiune, that these 
fihres are formed by the coalesceuce of cells arhosa naclei remain, sad 
accnrdlDgl; supposes that they ore tubea filled with finelj grsODlar 
matter {Gg. 6(y). In a eooiewhst more advanceil stage these pole 
fibres lose their graaulir aspect, and loqoire the dark rontour, — in 
shiirt. pat on the chamcters of ardiuar; tabular fibres ; and many of 
them mi; be rtea which have undergone this altenition in a part of 
their leugth, whilst the remaining part ia rtill in its primitiTe con- 
dition Ifig. eO', ', s>. The pale fibre is sappoeed to aoqaire dork 
ojatoan in conwquimce of tbe formation of the "white sutmlaace" or 
" medulluy sheuth I " but tbe mode in which this snbBtance is added 
to tbe pale fibre is nncertun. Schwann is Indined to think that it ie 
formed as a seaiodai; depoelt on the internal sar&ee of the tubujir 
membrane, which he snpposei to exist in the pale fibre as a lube 
fonued by the coalesced walls of the piiinai? cells, and that the 



DEVELOPMENT OF NERVE-TUB0LES. 

gnDular matter contuned in the )»le fibre remuaa and forma tlie 
"primitiTB band" or "aiia." At the uunetjiae, as KiilliJier an 
the prooeas may poasibly codmbI in a ciemical change of tl 
gnnulai matter, h; which it ia separatvd iuto inedulliiry abeath ai 




axil. Most of the noclvi diuppesT, but hi>re and there one maj be 
Been on a tubular nerve fibre, aituat«d, accaidiog to Schvann, within 
. the tBbalar membrane, bet«c«n it and the white gubatance. mi repre- 
Mnt«d la fig. 60', ■. ifhen first fiirmed, the fibrea are of comparatiTel; 
unaU Kit. 

In growing parte of the eiab[7o which extend thflnisclYea outwarda, 
the more distant portion of the nerves, like that of other continuoOB 
utTDStnrea, mnit be the laat formed ; and in the tadpole's tul Schwann 
obaerved that Ihe Ghm of the more remote and growing nerToai 
branches ue louiller and devoid of the dark eoDtour, but are a con- 
tinnatioD of fibres (of earlier and older biancbea) which poaaesa that 
character ; ao that the deposition of white anbatance aeema to advance 
along the fihrea in a peripheral direction, the part which is nearer the 
centre and begina earlier to be formed being also first perfected. Ai 
menUoned in a former page (cxciii), little angular knots are obserred in 

n tadpols'a the tadpole's tail, where aeieral of these pale fibres meet together; 

*"■ and the«e Schwann mpposes to bo remnants of formativB cells which 

hod branched ont and united with neighbouring cella to form the 
reUfmlar nerve fibres. KOlIiker, who has lately inveetigated the 
development of the tiaeues in batiachian larvn, is also of opinion that 
tl)« nervona fibres are formed b; the janction of ramilied cella; he, 
however, further ooncludeB from his Dbserratians, that the pale fibres 
which first appear enlarge, that fine tnbnlar fibres are then developed 
in their tubstanee, either sinul; or id alemler fasciculi of two or three, 



* Development of nervoua fibres (after Schwann). 1. Portion of a 
nerve, eihibiting pale fibres and nuclei, from an embryo pig, four and 
a half inchea in length. 2. S. Two nerve Gbrci from n mare advanced 
embryo ; the white substance is alread; formed at one part. S and 4. 
Fibres from tbe pneumogaatrio nerve ot n calf, in which the nervona 
matter haa been diiplaced at one part, while the tubular membrane 
lenuuuB, C. Fibre from the eame nerve, eihibiting a naeleDS-Uke 
oorpiucte. Uognified iSO diameUn. 
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and thtX the Intter fibres at firat end aliniptl}, but oi«Dtiullj (on 



As to tllc formstion of the nBrve-folla foand in the grey rontter of Formitloi 
the bnin, ipinal cord, «nd gaoglU, hot vary little is known. The ornorve- 
jint-fonued oerTB-oells in ths embiyo msy prohibly h« prodaeed by " 
mudiSotion of the "embrjoaic cell*," aume of which simply aolu-ga 
vith Blleratiuii of thoir contanta, whilst other* throw onC proceaaea. 
VilenlJn conceiveB that Derre-ccllB He formed ronnd other oeU« which 
aarre them M onelet, their gnuitdsr ooolenla being fint depoaitai, and 
uiWwatda their inclodng call-wall. Othen snppoee that they an 
developed from Duclei like ordinary uUb, and then aequira theii 
peeoiiiir cnntenta. The nuoleua-like bodi» uid the pellucid oelU of 
different xiEfa fonnd m the cortical grey matter of the brain, hare been 
mppoaed to be sncceaaire conditiona of the larger gnuiular eella id 
progrem of dereloiUDcnt ; and aome phyaiolo)riM« think it not im- 
probable that A constant lucceaaion of thece cells is pnxlaesd, to take 
the place of othen that are destroyed and consomBd after fatfiUing their 
offiea. Eolliker snpposea that some ot the cells Increase by division- 

The ditided ends of a nerre that baa been cot across readily reiiaite, ?t??i3'' ' 
and in prwwo of time true nerre fibres are formed in the dcalrix, and njliij^ 
restore the continuity of the nerroui atrootore. Tlie condncting pro- 
perty of the cene, &• regards both motion ami sensation, is erisntn^y 
iv-estab!iahed through the re-united part. Schiflf has ohsened that in 
the BBpra-ortota! and Ungual nerreB, the transmissiou of sensation has 
oecurred before the regeneration of the medulla was parfect, bat not 
I mU thatof tbeaxis-eyliudcr waaaccomplisbed. 



n BLOOD-VKSaEI^, 

The blood, from which the solid texturas immediately nutllneol 
derive materia! for their noiirishmBnt, is couveyed tUrougli f^^^^,?^' 
the body hy branched tubes named blood-vessels. It is tsoi. 
dnTen along theae channels bj the nctioD of the heart, whioh 
is a hollow muscular organ placod in the centre of the 
sanguiferous system. One set of TBSsels, named arteria, 
conduct the blood oat from tha heart and distribute it to 
the different regions of the body, whilst other vesMl* niuned 
veim bring it back to the heart agaia. From the extreme 
branches of the arteries the blood i^ts into the commencing 
bT&uchea of the veins oi reveheut Fessels, by passing through 
a set of very fine tubes which connect the two, uid which, 
though not abruptly or very definitely marked off from 
either, are generally spoken of a« an iuti/rmediate set of 
Tessels, and by renson of their noallness are called the 
eapillary (i. e. hair-like) vtueU, or, simply, the cn}iUlarUa. 

The conical hollow muscular hi;ari, is divided internally tiio henrE, 
into four cavities, two pUc«d at its base, and nnJued 
and two occupying the body and apex, nwned 
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ventricles. The auricleB are destinad to rui^eive tbs 
retumiiig blood from the groat veins, which acconiiiigly open 
into them, and to deliver it into the ventricles ; whilst it ia 
the o£6ee uf the latter to propel the blood thixjugh the hody. 
The Tentriclas have therefore nrnch thicker and stronget 
sides than the auricles, and the great arterial trunks lead o9 
from them. Each auricle opens into the ventricle of the 
same side, hut the right auricle and ventricle are entirely 
shut off from thoise of the left side by an iiupervioiu par- 
tition placed lengthwise in the heart. 

The blood passes out from the left ventricle hy Ihe mun 
artery of the body, named the aorta, and ia sent thmogh 
the numerous Bulxirdinnte arteries, which are branches at 
that great trunk, to the different parts of the system, then, 
traversing the capillaries, it enters the veins, and is returned 
by two great venous trunks, named the superior and infetioi 
vente cavio, to the right auricle. In passing from tha 
arteries to the veins the hlood changes in colour from red 
to dark and is otherwise altered in quality ; in thii 
condition it ia unfit to be again immediately circulated 
through the body. On returning, therefore, to the right 
side of the heart, the blood, now dark and venous, rouM 
re-acquire the florid hue and other though less obvioui 
qualities of arterial blood before it is permitted to reeunu 
its course. For this piupose, being discharged by tbt 
right auricle into the right ventricle, it is driven, by the 
contraction of that ventricle, along the pulmonary artery 
and its branches to the Itugs, where, passing through tbt 
capillary vessels of these organs, it is exposed to the influenoa 
of the air and uudergoes the requisite change, and havm| 
now become florid again, it enters the commencing branchai 
of the pulmonary veins, which, ending by four trunks in thi 
left auricle, convey it into that cavity, whence it ia imln» 
dintoly discharged into the left ventricle to be sent agau 
along the aorta and through the system as before. 

n The blood may thus be considered as setting out from 
any given point of the saugiiiferous system and returning U 
the same place again after performing a circuit, and thll 
motion is what is properly tenued the Hrcvtalion of th( 
blood. Its course from the left ventricle along the aorta, 
throughout the body, and l>aok by the venai cavse to th| 

' right ventricle, is named tliu 'jrcatrr or ij/tfemic ciTc-idation, 
and its pawage through the luugi by the pulmonary artcn^ 
and pulmonary veins from the right to the left aide of till 



THE CmCULATION. 

heart, ie termed the letter or pulmnnary eireulaiion ; but the '«■ 
lilood must go through buth the greuter and the leuer ''" 
circulation in order to perform a complete circuit, or to 
return to the point from which it started. As the veasels ay 
employed in tlic uirculation through the lungs have been "" 
named pulmunor}', bo the aorta which conveys the blood to u^i 
the syHtem at large is named the systemic artery, and the 
vense cnviB the ByEt^inuc veins, whilst the two bcU of 
capillories interposed between the arteries aad veins, the 
one in the lungs, the other in the body generally, are 
respectively termed the pulmouary and the eystemic 
capillaries. 

The blood flows in the arteries from tnmk to branches, Pt 
and from liirger to smaller but more numerous tubes ; it is 
the reverse iu the veins, except in the case of the vena 
port's, a vein which carries blood into tUe Uver. This ad- 
vehent vein, though constituted like other veins in the first 
part of its course, divides on entering the liver into nume- 
rous branches, sfter the manner of an artery, sending its 
blood through these branches and through the capillary 
vessels of the hver into the afferent hepatic veins to be by 
them conduct«d to the inferior vena cava and the heart. 

The different part* of the sangoiferoua Bystem above Vi 
enumerated may be contemplated in another point of view, ^ 
luunely, according to the kind of blood which they contain t>'' 
or convey. Thus the left cavities of the heart, the pulmo- 
nary veins, and the aorta or systemic artery, contiuu red or 
dorid blood &t to circuUto through the body ; on the other 
band, the right cavities of the hnart with the venio cavae, or 
systemic veins, and pulmouary artery, contain dark blood 
requiring to be transmitted through the lungs for renovation. 
The former or red-blooded division of the sanguiferous 
system, commencing by the capillaries of the lungs, ends in 
the capillaries of the body at large ; the latter or dark-bluoded 
. {mrt commences in the aj^tenuc capillaries and terminated in 
those of the lungx. lite heart occupies an Intermediate 
position between the origin and termination of each, and the 
capillaries connect the dark and the red set of veeseU 
togutber at their extremities, and serve as the channels 
through which the blood posses from the one part of the 
sanguiferous Bystom to the othor, and in which it undergoes 
its alternate changes of colour, sinoe it becomes dark as it 
traverses the systemio capillaries and red agiun in passing 
through those of the lungs. 
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TheBe TeBBels were so namsd from the notion that Uuf 
natiimlly contained air. Thia error which had long pre- 
vailed in the schools of medicine waa refuted by Galen, who 
Bhowed that the vesaels called art«rieB, though f"r the 
most port found empty after death, really coslniiied blood 
in the living body. 

Mode of DUtribution. — The arteries usually occupy pro- 
tected situations ; thus after coming out of the great 
viaceral cavities of the body they run along the limbs on the 
aspect of Qeiion, and not upon that of extenaion where they 
would be more exposed to accidental injury. 

'^ As tbay proceed in their course the arteries divide into 
branches, and the division may take place in dilfereut niodea. 
An artery may at once resolve itself into two or more 
branches, no one of which greatly exceeds the rest in 
magnitude, or it may give off several branches in aucceanon 
and still maintain its character na a trunk. The broaohes 
Dome off at different angles, most commonly so as to fonn 
an acute angle with the further part of the trunk, but 
Bometimee a right or an obtuse angle, of which there are 
examples in the origin of the intercostal ajteries. Tha 
degree uf deviation of a branch from the direction of the 
trunk was supposed to affect the force of the stream of 
blood, but Weber maintains, that it can produce little or no 
effect in a system of elastic tubes maintaiuoU, like the 
arteries, in a state of distension. 

'' An artery, after a branch has gone off from it, is amallei 
than before, but usually continues imiform in diameter or 

'^ cylindrical until the next secession ; thus it was found by 
Mr. Hunter that the long carotid artery of the camel does 
not diminish in calibre thraughout ita length. A branch of 
an artery is lees than the trunk from which it springs, 
but the combined area or collective capacity of all the 
branches into which an artery divides, ia greater than the 
calibre of the parent vessel immediately above the point of 
division. Tlie increase in the joint capacity of the branches 
over that of the trunk is not iu the some proportion in 
every instance of division, and there is at least one case 
known iu which there is no enlargement, namely, the 
division of the aorta into the common iliac and sacral 
arteries; still, notwithstanding this and other possible ox- 



ARTERIES. 

captions, it muEit bo aiimitteil as a geneml rule tliat au 
eulargcmeut of area takes place. From tMa it is plain, 
that as tlie area of the arterial ayatem incireasea as ita vessels 
divide, the capacity of the smalleat veeaels (ud capillarieB 
will be greateat, and as the same rule applies to the veina, 
it followa that the arterial and veaous systems may be 
T«pre«eiited, aa regards capadty, by two cones whose apices 
(tnincated it is true) are at the heart, and whose bas«s are 
united in the capillaiy system. The effect of this must be 
to moke the blood move more slowly as it advances aloug 
the arteries to the capillariea, like the current of a river 
when it flows in a wider imd deepur channel, and to accele- 
rate its sp«ed as it returns from the capillaries to the venous 

When arteries unite they are siud to anastomose or in- Aaa 
osculate Aiuu^tomosea may occur in tolerably large arteries, "'^)^ 
as those of the braJU] the hand and foot, and the mesentery, 
but they are much more frequent in the smaUer vessels. 
Such inosculatioEis admit of a free communication between 
the I'lirreuts of blood, and must tend to promote equability 
of distribution and of pressure and to obviate the effecls of 
local iutemiption. 

Arteries cummonly pursue a tolerably straight course, but T.ti 
in some |>bH« they ore tortuous. Examples of this in the " " 
human body are afforded by the arteries of the lips and of 
the uteruH, but more strildng instances may be seen in 
some of the lower animals, as in the well-known case of the 
long and tortuous spermatic arteries of the ram and bull. 
In very moveable parts like the lips this tortuosity will 
allow tbe vessel to follow their motions without undue 
stretching ; but in other cases its purpose is not clear. 
The physical effect of such a condition of the vessel on the 
blood flowing along it must 1)e to reduce the velocity, by 
increasing the extent of surface over which the blood moves, 
and couse'^nently the amount of impediment from friction ; 
still it doea not satisfactorily appear why auch an end 
should be provided for in the aeveral coaas in which arteries 
are known to follow a tortuoua couiae. The same remark 
applies to the peculiar arraugemenl of vessels uam<:)d a 
" rcte miiabile," where au artury suddenly dindes into a r> 
small anastomosing branches which in many cases unite 
again to reconstruct and continue the trunk. Of such retia 
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is not apparent. The best known instance is that named 
the reta mirabi]e of Oalun, which is formed by the intrs- 
craniaJ part of the jntcaiial carotid artery of tho aheep and 
Baveral other quadnipede. 

Phydcal PropcrtUs. — Arteriea pouesa considerable atitingth 
and a very high degree of elasticity, being extensible And 
retractile both in their length and width. When cut aoroBi, 
they prenent, although ampty, an open orifice ; the veins, on 
the other haud, collftpse, nnloaa when prevented by coiineo- 
tion with surrounding rigid parts. 

Stmrturt. — In most parts of the body the arteriea aie 
incloaed in a sheath formed of dense areolar tissui-, and their 
outer coat is connected to the sheath by filaments of tha 
same tissue, bnt so loosely that when the vessel is cut across 
ita ends readily shrink some way within the sheath. The 
sheath may inclose other ports along with tho artery, as in 
the case of that enveloping tho carotid artery, which also 
incladea the internal jugular Tein and pneumo- gastric nerve. 
Some arteries want sheaths, as those for example whioh are 
situated withiji the cavity of the cranium. 

Independently of this shoath, arteries {eioopt those of 
minute ai/e whose structure will be afterwards described 
with that of the capillaries) have been usually described ba 
formed of three coats, named from their reUtire position, 
internal, middle, and external ; and as this nomenclature i* 
so generally followed in medical and surgical works, and 
also correctly applies to the structure of arteries so far aa it 
is discernible by the naked eye, it seems best to adhere 
to it as the basis of our description, although it will 
be seen, as we proceed, that some of these coats are found 
by microscopic exauiinatiou really to consist of two or 
more strata differing firom each other in texture, and there- 
fore reckoned as so many distinct coats by some reoent 
anthorities. 

Internal coat. This may be raised from the inner surface 
* of the arteries as a fine tnuuporent colourless membrane, 
elastic but very easily broken, eapecbUy in the circular or 
transversa direction, so that it cannot be stripped off in 
large pieces. It is very commoidy corrugated with very- 
fine and close longitudinal wrinkles, cauiied most probably 
by a contracted state of the artery after death. Such is 
the appearance presented by the internal coat to the naked 
eye, but by the aid of the microscope it is found to conaist 
fk two different struotnreB, namely ; I. A scaly epitluliTim, 
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forming the mnermost jMrt or lining. TMb ib described by 
Henle as a thin simple layer of elliptical or irregularly 
rhombic particles, nhich ore often elongated so bb to reHembte 
apindle-Bbn^ied fibrm. These epithelial elenipnto have round 
or oval nuclei, whicb, however, may disnppeai ; iudeud tho 
whole Btnicture somotimes becomes indistinct, especially iti 
the larger arteries. 2. One or more layers of a peculiar i>i: 
stmcture, forming the chief substance of the iimer coat, and '" 
styled by Henle the "striated," "perforated," or "fenes- 
trated membrane." This consiatA of a thin and brittle 
transparent film, forming one or several layers, in which 
latter case it may be stripped off in nnall shreds, which 
have a remarkable tendency to curl in at their upper and 
lower borders, and roll themselves up as represented in the 
figure (fig. til'). The fibna of membrane are marked by 
very fine pale streaks, following principally a lougitadinal 
direction, and joining each other obliquely In a sort of 
network. Henle coDBiders these lines to be reticulating 
fibres formed upon the membranous layer. This membrane 
is further remarkable by being perforated with numerous 
round, oval, or irregularly-shaped aporturea of different 
sizes. In some part of the arteries the perforated membrane 
is very thin, and there- 



Fig. <iV.* 



B dilBcult to strip off; 
in other situations it is 
of considerable thicknesf, 
consisting of several lay- 
ers ; but it often happens 
that the deeper layers of 
this structure, t. «. those 
farther from the inner 
surface, lose their mem- 
branous character, and 
degenerate int« a mere 
network of longitudirutl 
anastomosing fibres, quite 
similar to fine fibres of 
elastic tissue ; indeed 
there seems much reason 
to think that the perforated membrane is, merely a form 
or niodificatiou of that tissue. These longitudinal reticulu- 
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ting fibres are, hoireTer, Bometimes spoken of as coiiBtituldiig 
a diatinut coat. 

The inner coat may thus be siud to be formed of ejntlu- 
livm and dadic layer) ; the Utter coneiating of elastic tiaaua 
uiider two principal forme, najaelf, the fenestrated mem- 
bnuiti aud the longitudinal elaatic nettrorka ; and thsM 
twu foiiiu may coexist in equal amoont, or one nikj 
predomijtate, the othOT dimijushiiig or even diBappeuiiijt 
altogether. 

It ii furthei to be obserred, that in the inner coat of the aorta and 
the largu art«rira, in adilidua to the elcmenU described, bmollB are 
fonnd which oaiuiBt of a clear, homoi^amus, or sonietinies striated at 
evra AbrillaUd inbitaiice, moitl; rcKiubting MonectiTe loKaue (accord- 
ing to E«IUkar) and perradcd bj longitudinal ehuUo netvorka gt 
varjing fineneu. MoreoTei, immediately subjacent to the epithelinm, 
there are often one or more tramtpamnt lajeis which wa-j contaia 
imbedded nnclei, and then look as if Tunned of eaaleaced upithelinin- 
cells ; or the; uia; be humogeneons and destitute of UDolei, in wUdl 
caau they reBemble elastic membranes. 

Middle coat. This consists of distinct fibres diapoMd 
circularly round the vessel, and consequently tearing off in ■ 
drcuior dirwtion, although the individual fibres do not folm 
complete riiign. The considerable thickness of the walla of 
the larger arteries is due chiefly to this coat ; ruiil in the 
Hmaller ones, it is said to be thicker in comparison with Ibe 
calibre of the ToaseL In the largest vessels it is uuule up 
of many layers ; thus, upwards of forty have be«D counted 
iu the aorta, twenty-eight in the carotid, and fift«eu in the 
subclavian artery (Bituschel) ; and shruds of elastic mem- 
braue, either finely reticular, or ijuite similar to the feuea- 
tmted membrane of the inner coat, are often found between 
the layers. The middle coat is of a tawny or rediUsh- 
yellow colour, not unlike that of the elastic tissue, but, 
when quito &esh, it has a softer and more tnuuduceut 
aspect than the last-named tissue. Its more internal port ia 
often desuribed as redder than the rest, but the deeper tint 
is probably due to staining by the blood after death. The 
EiibBtouce of this coat is highly elaatie, and was at one time 
rogurdud by many, especially among the French auatomista, 
as being ideutical iu nature with thu yellow elastic tiaaoe : 
but it consists in reality of two kinds of fibree, namely, Jst, 
pale, translucent, soft, flattened fibres, measuring from 
«a^>fi'^ ^ Sii^a^'t of an inch in breadth, presenting here 
find there k f<sir elongated nncleiform corpusclea, and hanni 
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• other QhaiscteiB of the plain vsrietj of muscular £bi«B, 
tasA, Sndlj, fine eloatic tibres mixed with tlie former, and ol< 
joining togetlier as usual i« an irregularly reticular manner. 
The elastic tibruB are accompanied by whito fibres of areolar 
tissue iu tmall iiuantity, the proportion of which increases 
with the size of the artery. It la important further to note 
thnt the mnsculor tissue of the middle coat is more pure in 
the amoller arteries, and that the admixture of other tlasuen 
increaseg in the larger-sized vessels. In accordance with 
this fact, the vital contractility of the arteries, which depends 
on their middle cont, is very little marked in those of lai^ 
dze, but becomes much more coiLspicuous in the smaller 
branches. 

External coat This has usually been described as made E: 
up of interwoven filaments of areolar and elastic tissues : ^ 
but Heiile h»s correctly pointed out that it consists, in the u 
larger arteries, of two layers of different texture, viz. 1st, 
an internal stratuni of genuine elastic tissue, most obvious 
in arteriee of large calibre, and becoming thinner, and at 
length disappearing in those of small sixe ; 2ndly, an outer 
layer, consisting of onliuaiy areolar tissue, in which the i 
filaments are closely iuterwoven, and in large and middle- 
sized arteries chiefly run dingonally or obliquely round the 
vessel ; the interkcemeut of these filaments becomes much 
more open and lax towards the surface of the arteiy, where 
they connect the vessel with its sheath, or with other 
surrounding parte. This areolar Ltyer is usoally of great 
proportionate thickness in the smaller arteries. 

Home arteries have much thinner coats than the rest, in di 
projiortion to their calibre. This is strikingly the case with 
those contained within the cavity of the craiiiiun, and in the 
vertebral canal ; the difiereuce depends on the external and 
middle oonts, which, in the vosBels referred to, are thinner 
thou elsewhora. 

The ooata of arteries receive small vessels, both arterial Vi 
and venous, named rata vasyrtim, which serve for theii' '" 
Dutrition. The little nutrient arteries do not pass immedi- 
ately from the cavity of the main veesel into its coats, but 
are derived from branches which arise &om the artery, (or 
sometimes from a neighbouring artery), at some distance from 
the point where they are ultimately distributed, and divide 
into smaller branches within the sheath, and upon the 
1, before ei " " 
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few penetrate iuto the middle coiit, and follow the circulw 
courw of its fibres ; none have been discoTered in the 
internal coat, ubIobb the obaervations of Jasche tuid Arnold 
are to be trusted, who affirm that they have seen vessels in 
that situation. Minute venules retwrn the blood from 
these nutrient arteries, which however they do not closely 
acoompaiiy, and disohai^e it iuto the vein or [lair of veins 
whiuh usually run alongside the artery. 

Arteries are generally accompanied by larger or nmiller 
nerves ; and when, in the operation of tying an artery, these 
happen to be included along with it in the ligature, great 
pain is osperienoed, but the vesxel itself, when in a healthy 
condition, is insensible. Nerves are, nevertheless, ilietri' 
buted to the coats of arteries, probably for governing their 
contractile moveineata. The uervoa come chiefly from the 
Bymxiathetic, and in smaller proportion Eroui the cerebro- 
spinal system, They form plexuses roimd the larger 
arteries, anil run along the smaller branches in form of fine 
bundles of fibres, which here and there twist round the 
Teasel, and single nerve fibres have been seen closely accom- 
panying minute futeriee. There is less certainty as to the 
extent and mode of distribution of the nerves in the arterial 
coats ; some obserreiB state, that filaments may be tra^sai 
OS far as the middle coat ; and Valentin describes them rb 
ending there in a plexus, whilst Papponheim and Gorlach 
state that the nurres temiiuate in the middle coat, by divi- 
eiou and free ends. 

Yiiai propoiia. — Ctnttrartilily. Besides the meret; meehuiical 
}irapertj of dJutiiiitj, art«rie» are eodawed in a ^n^ter or les» degree 
with yitol ntiitnatiiity, bj mouia of wliiuli tfa«j can dutow tlicir 
atliljre. This liut coutractility, which baa doubtlsse its teat in the 
*~ guft, psle fibres of the middle ant, Aoa not cause rapid contneUoM 
fotloffing in rhythmic Bu«eiiidon like those of the heart ; ita openitioQ 
is, OQ Uie contrary, alov, and the contnctiun produced ia of long 
ecdunuiM. iu effect, or its lendoucj, ia to contract the ares of the 
arlerisl tub^ end to offer a certain unount of reuBtsnce to the dia- 
tending force of Ibe blood ; and ai the ccnCmctiDg Teseel vill shrink 
the more, the lesa the amoant of finid contained in it, tfae vital ooD- 
troctilitj would tbni seem to adjost the capacit; of the arlerial system 
to tbe qaantity and foroe of the blood pasaing through it, bracing dp 
the TBdeels, as it were, and maintaining them in a conutnnt state oiF 
tension. In prodncing this effect, it co-operates with the elsBtieity of 
the arterial tabes, hnt it can be shown that alUr thit property haa 
reached ita Uuiit of operation tbe vital contiactiun can go farther in 
narrowing the artery, The vital or muscular contractility irf the 
artfiiea, then, conntcracta the distending force of tbe heart and seems 
to be in oonilaDt operalioiL Henoa it is efteo named " (onicity," aodf 
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e tbAO the habitoa) degree, and then the Teaeelii yielding to the 
distending force of the beiirt beceme nnomall; dilited. Buvb a remia- 
laoo in their contractile Torce (taking place rather Haddenl;) ia probablj 
the caaae of the turgeecence of the flmall TflBHflU of the akin which 
ocenra in bluahing, and the nrteriea of erectile organs are probably 
affected in the Huue manaer, bo as to permit of an augmented Odw uf 
blood iiito the veiax or renotu caTitiee when Drection begins. 

The vital contnctilit; of anmll-iiied artirica ii easily demonstratol Evidmce ol 
in the tranapaient parta of cold-blooded animal*. If the point of a coatmctUity 
needle be two or three timta drawn quickly aorosi one of the little ^^^^. 
uteriea (not capillatieal in the web of a trog's foot placed onder the ' 

microscope, the reaael will be seen ilowlj lo cootract. and the atream 
of blood pofiaing '^^ongh it becomea Hmaller and analler, and, bj a 
repetition of the proceae. ma; be made almoat entirely to diiappear. 
After peraiatlng in this eootracted etat« for eome minutes, the Teuiel 
wUl greduall; dilate agun to ita original uie. The same eSect may be 
prodaeed by the application of ice-cold water, and alio by galvaniam, 
eEpecially when a rapid aacccsazon of ahocka ia aent throngh the veaael ■ 

by nmna of a coil, ail praetiaed by Bdwaid and Bmest H. Webcr.* 
HoreoTer, if one of the small arteries in the meKotery of a frog or of 
a small varm-blooded animal, inch an a mouse (FoiseniUel, be com- 
presaed ao aa to take off the dlatendiDg force of the blood from the part 
beyond the point where the preaaure is applied, that part will diminieh 
in calibre, at Gnt no doubt from ile elaalicity, and therefore suddenly, 
Lnt afterwards alowly. This gradual shrinking of an emptying artery 
after ila elasticity has eessed to operate, may be shown also by cutting 
out the fr»K'B heart or dividing Uia main trunks of the Teasels : it is 
obTionrly due to ritol coalraction. The coatractility of the amaller 
arteries, as well as its subjection to the inflneuoe of the nerrous systtm, 
ia beautifully shown in the experiment of catting and afterwards 
stimnlnting tjie cerrical sympathetic nerve in a cat or rabbit. Imme- 
diately after the section, the vessela of the ear become distended with 
blood from failure of their tonic contraction; but on applying the 
galvanic stimnlua to the npper pordon of the nerve tJiey immediately 
atirink ogaJD, and on intermptiog the atimnlation thay relax as before. 

The contractility of the middle-siied and larger arteries is not so of luver 
ronspicoons, and many excellent obscrrenj hate failed to elicit any irtcnet. 
satis^tory nianifestation of such property on the application of stimuli 
to these vrasela. Others, however, have observed a sufficiently decided, 
though by no means a striking degree of contiaFtiou slowly to follow 
mecbaniotl irritation or repeated applieatiun of the galvanic wires to 
these arteries in recently -killed animals. To render this eSiict more 
evident, my former colleague, Dr. C. J. B. Williams, adopted a method 
of eiperimenting which he had snccaBfuIly employed to test the 
irritaUlity of the bronchial tubes. He tied a bent glass tnbe into tlie 
cut end of an artery, and tilled the vessel, as welt as the bend of the 
tube, with water; the application of galvanism caused a murowjng of 



• MiiUet's Arohiv., 1847, p. 232. 
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lbs utciT, the nality gf which wu made nuuiifest fay ■ riiW af tiM 
Bnid in ttie tube. ContncUon is uid lilsn to follow the applicktion of 
oluniica] stiianluiti, but u these may directly oorrog&t* the tiame bj 
their chemical actiua, the erideooe thej aSurd is leas satiafuTlorf . Cold 
taiuea coDtroction of Ibe larger arteries, uKotding to the legUiuDDy of 
luious inquirers; and, as in the smailer orterieB, ■ gradual ehnnking 
in calibre entaes Id Ibese vessels, wbeu the di>l«Dding preuure of tbs 
blood is takea off, by the eitinctioa or impairment of the force of th« 
heart on the approach of death. Prom tho experiments of Dr, PaJr?, 
it would appear that the oontraolioD thus eLsuiDg, proceeds coDsider- 
ably bejoud what would be produced by ekaticity alone, and that it 
rcUtea after death, when Titalitj ii completelir eitiuct. so tliat the 
artery widens again, to a certain point, at which it is finally mainlajjied. 
by its elasticity. 



ran^M^^I 



ij. ihrxT Mode of distrilnitUm. — The vein* are ramified throi 
rtbuUoD. the body, like the arteriea, but there are aome difierencea in 
their proportionate number ajid aise, as well as in theil 
aiTOUgemeDt, n'hich require to be noticed. 

lu most rejpou8 aud organs of the body, the veina ara 
more numeroiu and ^o larger than the arteries, so that the 
venous Bystem is altogether more capnjuous thou the arterial, 
but the proportionate capacity of the two caunot be aisigued 
with eiactuasa. The pulmonary reins form an exception to 
this rule, for they do not exceed in capacity the pulmonaiy 
arteries. 
Bupsrflciai The veins are arranged in a superficial and deep set, the 
ud il«p, former running immediately beneath the skin, and theace 
named subcutaneous, the latter commonly accompanyiog tha 
B arteries, and named cence comtiea vel eaUlUtcA aileriani'm, 

''*••■ The Urge arteries have usually one accompanying vein, and 
the medium-edzed and smidler arteries two ; but tliere 
are axcoptions to tbi« rule : thus, the veins within the 
ibull and spinal canal, the hepatic veins, and the moat con- 
siderable of those belonging to the bones, run apart iroia 
the art«rieB. 

The commnnicatioDi or anoBtomoses between veins of con- 
siderable size, are more frequent than those of arteries of 
equal magnitude, 
jchire of StnicluTe. — The veins have much thinner coats than the 
"^ arteries, and collapse when out across or ctnjitied ; whereaa, 

& cut artery presents a patent orifice. Notwithstanding 
their comparativB thinness, however, the veins possess con- 
fliderable itreugth, more even, according to some authoritiea, 
than arteries of the same calibre. The number of their 
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coaU hM been difiereutlj reckoned, end the tiames com- 
poung them differently deecribed by different writen, &nd 
tliis discrepaDcy of Btatement in perhfips p&rtlf due to the 
(aicumstanae that all veins ars not perfectly alike in Btnio- 
ture. Ill most yeina of tolerable size, three ooata may be 
diatiuguifihed, which, as in the arteries, have been named 
eitemal, middle, and interna). 

The hitr.i-nal Mat is laas brittle than that of the arteries, lutrmil 
and therefore atlmits of being mote rewlily peeled off with- '^'"'■ 
out tearing ; but, in other respects, the two are much alike. 
It conaiats of an epithelium, a striated lamella eontaining 
nuclei, and the luilal elastic layers ; these occur as dense 
lAmellifonn networks of longitudinal elastic fibres, aud but 
seldom as fenestrated membranes. 

The middk (oat h much thinner than that of the arteriea, uiddia comt 
and its muscular tiaeue has a much larger admixture of 
areolar tismie. Its fibres are both longitudinal and circular, 
the one set alternating with the other in layers. The 
former are well-developed elaatio fibres, longitudinally reti- 
culating ; the circular layers consist of plain mnHCular fibres 
and white fibres of areolnr tissue, mixed with a amallcr 
proportion of fine elastic fibres. In medium-ailed veins 
the middle coat contains several successious of the circular 
and longitudinal layers, but the latter are all more or less 
connected together by elastic fibres passing through the inter- 
vening circular layer«. In the larger veins the middle coat 
is less developed, especially as regards its muscnlor fibres, 
but in such cases the deficiency may be supplied by muscu- 
larity of the outer coat. According to Kiilliker, whom we 
chiefly follow in thi» acoouut of the structure of the veins, 
the middle coat is wanting altogether in most of the 
hepatic part of the vena cava, and in the great hepatic veins ; 
and even where its thickness ia considerable, it is less 
regularly or not at all disposed in layers, and its muscular 
fibres are more scanty. The muscularity of ttte mlddU toat 
ia best marked in the splenic and portal veins ; it ia appa- 
rently wanting in certain parts of the abdominal cava and 
in the subclavian veins. 

The erffmai <xat is usually thicker than the middle j it EiiwniJ 
consists of areolar tissue and longitudinal elastic fibres. In 
ci^rtain large veins, aa pointed out by Remak, this coat 
coutains a considemble amount of plain or non-striated 
piiucular fibres. These are well marked in the whole 
int of the abdominal cava, in which they form a longi- 
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tudinal network, occupTing die inuer p&rt of the eitenui 
cost ; and tliey may be traced into the renal, aaygoa, and 
external iliae veina. The muncular fibres of the artemal 
coat axe sIeo well developed in the truDl» of the hep&tic 
TeiiiB and in that of the vena porUe, whence they extend 
into the aplenic and superior meMnlerto. 

" Other VEins preeBnt peoi 
IDDECulsrity. 1. The me 
prolonged for Mime way i 



ipeciallj in respect of 

liar iisme of the (iuril^1«e of the hMit ii 
wBj' on tho adjoining purt of the rense csTn and 
'.. The mssctdar clemeiit is largely deTiloped in the 



reiat of the gravid alenia, and is di»cribeil aa being prouiat in 
ooata. 3. On the other hand, muscular tidsiie iB wanting io the fbUowisg 
Tein«, vii. a, thoae of the maternal part of the placenta; 6. moat of 
the TSina of the brain and pia mater ; e. the TciaB of the retina; d. Hit 
vBUODB Bnusea of the duia mater; t. the cancellar veins of the bonea; 
/. the xenons spaces of the corpora cavernosa. In most of these naca 
the reins uonaist merel; of an epithelinm and a la;er or laj^ of 
areolar tissue more or less developed; in the corpDia cavernosa Iha 
epitbelinm is applied to the trabecnlar tisaue. It may be added that 
in the thickneae of their easts the superficial veins aurposs the deep 
and the veins of the lower limU those of the npper. 

The coats of the veina are supplied with nutrient vesBelB, 
vtua vasorum, in the same manner re those of the arteries. 
JVcrnu have not been demonstrated in the coats of veins 
generally ; but some obaervers have ancoeoded in tracing 
small branches of nerves on the vena cava inferior, whare it 
]iasses behind the liver, and filaments, supposed to be 
nervous, have been seen by Pappenhedm on some of the 
cerebral veins. 

Vitid pn;perliet.—YeinB, when in a health; oAndition, appear to be 
almost devoid of sensibility. The; possess vital eoDtroftilit]', which 
shows itself in the same manuer as that of the arteries, hnt is graitlj 
inferiDi in degree, and much teas manifest. The mnscnlar parts oftJw 
great veins, near the auricles of the heart, on being stimulated, in 
reeent];- killed qnadrupeds, exhibit quiek and decided coatraution^ 
somnwhat reaerobtiag those of the auricles themaeliFS. Mr. Wharton 
Jones has disooverod a rhythmic pulsation in the veins of the bat's 
vring, the polsation occurring from ID to IS times in a minute ; and it 
is worthy of note that the mnauular hbrea of these veins appear to ba 
of the plain or nnstriped variety,* 

Valtxi. — Moat of the veins are provided with valveM, » 
mechanical contrivance beautifully adapted to prevent the 
reflux of the blood. The valves ore formed of somiluaar 

• PhiL Trans. 1852, 
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folds of the liniug membrane, streogthened by aome included 
librous tiwoie, which project obliquely into the vein. Most 
commonly two such folds or flups are plitced opposite each 
other (fig, 62', i) ; th« convex border of cAch, which, no- 
cording to UoUi-'r, fonna a parabolical curve, i» onnneoted 
with the Bide of the veiu ; the other edge is tree, and points 
towards the^eart, or at lenst iu tho natural direction of the 
current of the blood along the vessel, and the two flaps 
obliquely incline towards each other in this direction. 
Moreover, the wall of the vein inMnodiAtely sbore (or nearer 
the heart than) the curved line of attachment of the valves, 
is dilated into a pouch or siniu on either side (fig. 62", b a), 
Ro that when distended with blood or by artificial injection, 
the vessel bulges out on each side, and thus gives rise to 
the appearance of a knot or swelling wherever a valve is 
placed (as in fig. c). From the above description, it is plain 
that the valves are so directed as to offer uo obstacle to the 
blood in its onward flow, but that when from pressure or 
liny other cause it ia driven backwards, the refluent 
blood, getting between the dilated wall of the vein and the 
Jlaps of the valve, will press them inwards until their edges 
set in the middle of tUe channel and cloiie it up. 




* DiagmnB showing Tslvet of veitii. a. Part of ■ vein hud open 
id siraitd out, with two pain of valval, a. Longitudiiial swtiim uf 
[•VttS, ibowing the appodtioD of the edges of the tkIvci in thoir elosed 
late. 0. Purtioa of a distended rein, eihibiljng a Bwolling in the 
Ination of a pair of Talies. 
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ran^ Found tbe inside of the resael, bnt thu nav\j ocoar* in tin 
huouui bod;. On the other hand, tie T^iea are |]Uced wnglj a 
Kime of the mukUer Teins, and in large Teins single ralies kre nut 
nnfrGqaentl; placed over tho openiugB of inukller entering brs&c]i«; 
alio in the right aoricnlar ainu* of the heart there is a aipgle cresoratie 
fold at the orifice of the vena cava inferior, and anotbra- mora ooi- 
pletel; coreriug the opening of tbe principal coronar; vein. 

Manj veins ate destitute of valces. Those which mcHanre laa tbaa 
a line in diameter rarely, if ever, liave Ibem. Valves &re wanting in 
tbe tronke of the snperior and inferior veiue oavie, in the trnnk and 
branchsH of the pnrtal vein, in the hepatic, renal and aterine >uni; 
also in tbe Bpermatic veins of the female. In the male, these Iwl- 
mentioned veins hive valves in their oonrse, and in eitJier sex a tittle 
valve is Dccaiionall; fonnd in the renal vein, placed over the entrance 
of the Bpermatic. The pnlmonsry veins, tlioae vithin the oramam and 
vertebral canal, and those of the canecUated teituTD of bone, ■• wdl 
as the tnuik and branches of the umbilical vein, are witfaoDt VaWea. 
Valves are not geuerallf found, and when present are few in namba, 
in the ai^gos and interrostal veins. On the other hand, ther an 
namerons in the veins of the limbs (and etpecially of the lower linihal, 
which are mnoh exposed to pressure in the muscnlar movemeiDt^ or 
from other canses, and have often to oondnct the blood agalunt the 
direction of gravity. No valves are met with in the veins of r^tiles 
and fishes, and not maoj in those of birds. 



That tbe blood poBseil from the artttries into the veiiu 
was of course a ueaesaary part of the doctrine of the cinni- 
lation, aa demonstrated hy Harvej ; but the mode in whidi 
the passage took place wna not ascertained until some tine 
after the date of his great disoorery. The discovery of the 
capillary vessels, and of the course of the blood through 
them, was destined to be one of the first-fruita of the use of 
the microscope in anatomy and physiology, and van reserved 
for Mnlpighi (in IGSI), to Trhose rare sogaoity these 
sciences have been so greatly indebted for their advauoe- 

Wben the web of a frog's foot is viewed through a micro- 
scope of moderate power (as in fig, 63'), the blood is seen 
passing rapidly along the small arteries, and thence mar* 
slowly through a network of finer channels, by which it is 
conducted into the veins. Those small Tessels, interposed 
between the finest branches of the arteries and the com- 
mencing veins, are the capillary vessels. They may be seen 
also in the lungs or mesentery of the frog aud other b&tra- 
chians, and in the tail and gills of their larvie : also in the 
toil of small Ssheii ; in the niesenteiy of mice or other bhuU 
qnadrupeds ; and generally, in short, in the transparent th- 




CAPrLLAET VB88BL8. 

cular parts of aoimals wliiuh cau readily be brought under the 
miurogoope. These vesaeU um alao be deinoustfattid bj moiULa 
of fine injectiouB of opaque- 
coloured material, not only in p]g_ gj' • 
meubrauoua porta, auob ae 
those above uentioned, but 
also ill more thick and opaque 
tiasues, vhich can be rendered 
transparent by drying. 

The cupOIary vesaek of a part 
are most commonly arranged 
in a network, the branches ^ 
of which are of tolerably 
uniforu size, though not all 
strictly equal, and thus they do 
not divide into atoallcr btauches _^ 
tike the arteries, or unite into 

laiger ones like the veina ; but the diameter of the tubes, as 
well as the shape and size of the reticular meshes which they 
form, differa in different textures. Their prevalent size in 
the human body may, speaking generally, be stated at from 
yjlgjjth to T,j,'j.gth of au inch, as measured when natu- 
ndly filled with blood. But they are said to be in some 
parts considerably smaller, and in others larger thou this 
standard : thus, ^'eber has measured injected capillaries in 
the bmin, which he found to be not wider than ^ns^ of 
an inch, and Henle baa observed some atill smaller, — in 
both cases apparently smaller than the natural di&meter of 
the blood corpOBcles, The capillaries, however, when de- 
prived of blood, probably ibrinli in calibre immedi&tely after 
death ; and this consideration, together ivith the fact that 
their distension by artificial injection may exceed or fall 
short of what is natural, should make us hesitate ou such 
evidouc« to admit the existence of vessels incapable of 
receiving the red particles of the blood. The diameter of 
the capillaries of the mnirow, or of the medullary membrane, 
ia stated as high as y^'^gth of an inch. In other parts, 
their size varies between these extremes : it is small in the 
lungs, small also in muscle ; larger in the skin and mucous 
membranes. According to Mr. Toynbeo, the extreme 
branches of the arteries and the commencing veins in 
certain parts of the synovial membranes ore connected by 

T" OipiUari btood-vesseli in the web of n frog's foot (after Dr. Allai 
on). The arrows iudicste Ihe otnuie of ths blood. 
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CAPILLARY VESSELS. 

loops of Teasels, which Are dilated at their point of flexOW 
to a greater aiEe even than the TesielB which tUey imme- 
diatelj comiect, and auch can scarcely with propriety be 
termed capillaries. 
>t There are differences also in the aize or width of tho 
meehea of the capillar; network in different parts, ud 
consequently in the number of reasels diBtribiited in a gfiv«n 
space, and the amount of blood sappliod to the tisene. "Qie 
network ia very ctose in the lungs and in the choroid ooat of 
the eye, close also in muscle, ia the akin, and in most put* 
of the mucouH membrane, in glauds and secreting structniM, 
and in the grey part of the brain and spinal cord. On. the 
other hand, it has wide meshes and comparatiTely few 
Teasels in the ligaments, tendons, and other allied textnraa. 
In infants and young peraons, the tissues are more tuscdIh 
than in afUir-life ; growing parts, too, are more ahuadaatly 
supplied with vessels than those which are stationary. 

The £gure of the oapilioiy network is not the same in all 
textures. In many cases the almi>e of the meahea seems 



Fig, e&.t 




acoommodatod to the arrangemont of the elements of the 
tissue in which they lie. Thus in muscle, nerve, ukd 

* Injected capillary vCESels of muscle, fcea with n low magnifyuig 
t lojected cipiUariei of the skin roagnified. 



8THUCTURB OF CAPILLARIES. 

tendon, the moHlies are long cmd coupamtively naiTow, &nd 
vaa cmifortuably witli tlie fibres and fasciculi of these 
textnies (fig, 64'). In other parts the meshes are rounded 
or polygonal, with no one dimeiiaion greatly prodomin&ting 
(Sg. 05'). Id the emaUer-siied papiUie of the elcin and 
mucous membranes, the vessels of Ulb network are often 
<liawn out into prominent loops. 

Utriielare of the tmaU-nzed vMSeli and rapiUariti. — The Stniettmor 
capillary vessels have real coats, and are not mere channels ^ ,m,|i 
drilled in the tisauo vrbicli they pervade, as hua sometime " 
been maintained. In various parts tliey are readily sepa- 
rable from the Burrouniling substanae or parenchyma, as in 
the brain and retina, and in such cases it is easy to display 
their independent membranous parietea. The number as 
ivell as the structure of their coats, differs according to the 
size of the vessels. Capillaries of a diameter leas than 
3^<g^th of an inch have but a single cost, which is 
formed of nmple homogeneous transparent membrane, with 
□ucleiform corpuscles attached at interyals on the outer 
surface, or inclosed as it were in the substance of the 




e (5g. 66', a). Some of these attached or imbedded 
corpuscles are round, others oval, the latter usually Ij-ing with 

• A. CnpiUiiry vefflsla from the pis mater of the alieop, with naclei- 
r.)nD corpnKles lifter Henle). Magnified 200 diameters. E. A minote 
arteriTi treated with scetio acid, and magnified about 200 dianietera 
(after Henle). a. raTity of the vessel and iDngitndinallj disposed 
Ducld of the primitive membrane ; b, b. middle ooat with elongated 
orpuKlea diajKBed dronlarlj ; (. one of thew oorpiaolea ; /. another 
seen endwise ; e, e. eitemal coat, with longitudioa] nuclei, g, g. 




STBUCTURB OP CAPILLAEIES. 

their long diameter parallel to the axia of the reseeL In 

veHBcla one or two degrees larger (fig. 66', b, and QT), the 
rtmotare is more complex. The corpuBclea of the piimitiTB 
Himple membrane are more nmnerous and more lengthened ; 
an epithelium existii on the inside of ths primitive membrane, 
ttud on its outside ia added a layer coutaining nnclci- 




form corpnHdlefi, elongated in a direction acrou the (li»meter 
of the TBBset. This layer correHponda with the middle or 
muaonlar coat of the arterioB, and accordingly, in vessels of 
somewhat greater size, the choracterifitic circulur fibres oftlut 
timic appear in the layer in qnostdoD, as well as the nueleL 
Outside of all is the areolar coat marked by longitudin*! 
nuclei. In vessels of -/^th of an inch in diameter, or evtm 
less, the elastic layers of the inner coat may be discovored 

• A mnall urtery 1, irilti a correspondinE tbId b, trMted witt 
Bcetic (Uii'l, >Bii loa^iGeil 3fiO diuueUra (after Kalliker). a, external 
coat with oblong nnctei ; A nnclci of the Inumorte musonlar timaa 
at the middle n»t (whea seea endwise, as at ths aides or the Teaad, 
their oatUne i> elmilAr) ; y, nnal«i of the epitbelinin-ceUa ; I, elMie 
layen of the inner coat. 



TESMIN ATIOH OP ABTERIBS. 

67', A, i), in fonn generally of fenestrated membrane, 
rarely of longitudinal reticulutiug el&stic fibres ; while 
the piimitive mombrune with its longitudinal corpuscles 
disappears. The small veins, but two or three removes 
from the capillaries, differ from arteries of corresponding 

chiefly in the iufeiior developmeut of their muscular 



Vial pnrpaiia, — Prom the shsra wliicb the capillariea take in many v 
tol actioaG, both h«althj aud cli»eue<l, and especially from tbo part <■• 
thej have been iuppi»wl to play ia tha process o( ioflammatioo, mnclt 
puDB hainstimlly been beiloved to find ant whether they are endowed 
witb Tital coatractUity. There ia still, bowever, a diSereaoo of opinioa 
on this qneition: ami, although the weight of evidence is, on the whole, 
in biour of the exiateoce of this property in the CBpilhuies, it inusl, 
uevertheless, be CDnfesBed that the proof is by no means so positive and 
elear as in the case of the small arteries. The chief grouudu un whioh 
it is af^rmed are the two fullowiag, which rest on the testimony of 
varioas oompetent ubserrera, who hare made the qneation as to the 
irritability of the capilUries the subject of eiperimenlaj inquiry ; Tii. 
Isl, That ttimulanls, auch as aleohul, oil of turpentine, pepper, and 
ico or ice-cold water, applied to the frog's foot or mesentery, euuia the 
capdiary ressebi to shrink in diameter, and that this contraction is 
speedily fiilluwed by Ibeic dilatation beyond their natural capacity ; the 
ahrinkuig of the veaeela being aCCribnl«d to the diraut operation of the 
■limnii on their eoutractility, and their lubaequent dilatation to the 
temporary exhatution of that |iroperty, coosequent on its previous ondaa 
eiciljitjon, 2ndly, That when the vessels are preleniaturally dilated, 
in the way above described, or by the octioo of aniniDiiia or cmnmon 
aalt, they may, after a titoe, be made to eontract to their nsoal aiie by 
the reappUoation of stimuli. 

Tenainatum ofartcriii. — The ooly known terminatioo of arteries Ki 
is in veins, and this takes place by meacs of capillary vessels uf aume ni< 
of the furms abure described, unless in the maternal part of the pla- '^i 
centa, and perhaps, in the interior of erectile organs, to be apeetally 
referred to hemder, in which it has been supposed that unall arteries 
open into vide venoiu cavities, without the iuterventiou of capllaries. 
AUditiunal modes of lurmination have, however, beeo assumed to exist, q, 
Thus, it was believed that branches of arteries ended in eihalant ni< 
veeads, which, in their turn, terminated by open orifices on the skin, "^ 
on the surface of different intenial cavities, or In the areolar tissue ; '" 
other arterial branches were SDppoaed b) be continued into the ducta of 
secreting glands, and it was, moreover, imagined that, besides the red 
capillaries, there eiisted finer vessela, wbicb passed between the arte* 
ries and tJie veins, and from their nujallness were able to eonvey only 
the coloorleas part of the bhiod. The eiistenee of these eolonrleaa or y, 
"aarona" vessels, as they were called (vasa seroas, vaaa dod rubra), 
washehj, by nxst authorities, to be unlveisul; by others it was assumed 
aa neoesHry, at least, lu the colourless textures ; but these views have 
now been generally abandoned, although they long prevailed almost 
without question, and were made tJie basis of not a few mflaential 
patbolugy and piacticsl medicine. l>f course it ia not 
in gruwing parts there may be capillaries in an iucum- 



DEVELOPMENT OF BLOOD-VESSELS. 

plet>« state of dcTelopment, wliieh kdmit odSj tlie pluma of tbt 
blood. 

ErMBe, or eavernoiu liaue.—'Bj thie term is nndwetood b pconlur 
■trnrtnre, fonning the principal part of o«rt»in orgam which »n 
capable of being rendered targid, or erected, b; dinteniiion with blood. 
It ransuts of dilated sad freelj interoommmucatiDg bnoches of vtvBi. 
into wliicli arteriea ponr their blood, oconpying the areolie of > nMwol 
fanned bj fibroos, elaeUc, and prabnblj nonttartile banda, luuited 
trabecnln, and inclosed in a disteosible fibroOB enTelupe. This peooUn 
artangoment of Iha blood-veaaola scarooly draerrei to be regardad at 
ooDBtitutiDg s dis^not teitore, thaugb reckoned aa inch hj lome 
writers ; it is reetrioted to a verj few parts of the bodj, and in tbeai 
is not altogether naifona in chaiaater ; the delaila of ita atructn 
therefore, he ennaidered with the special deaoription of the M 



atructara ^^^^ 
'theaiQ^^^I 



The Gtat TeoBeta which appear are formed within the otubi, in the 
germinal membrane, and the process sobsefinently goes on in growing 
parts of the animal bodj. New veasets, also, are (ormeil in iie heal- 
ing of wounds and sorci, in the organiaation of effosed lym ph, in tlu 
reatonUon of lost porta, sod in the prednclon of adTsntitiavl 
growlhs. Paesing over the earlier aecounta, the following mar acm 
as an outline of the proceas, as dednced from the obMTTationi of 
Schwann, on the formation oF vessels in tint germinal membnae af 
the incnhated egg, and in the growing t^l of batiachi&n Isnv, 
repeated and confirmed as the; have leoently been, in the latter caae^ 
bj Kolliker. 

The smallor Teesets and capillariea originate from cacleated esib 
similar to thoae which at first constitute the ditferent parts of the 
embryo. The cell-wall, or envelope, of these cells, shoot* out inta 
gleuder pointed procesaea, lending in different directions, so that thej 
acqoire an irregulartjr star-shaped or radiated fignre. The prolon- 
gations from neighbouring eelhi encounter one another, and jcdn 
together by their ends, and the irregnlarly ramified or reticular eavitiea 
thna produced are the channels of rudimentarr capillaries. It ia in 
this waj, according to Schwann, that the network of Teasels b^na in 
the Tasflolar area of the germinal membrane. Id growing parte, *^ne 
new vessels are formed in tho rieinitj of those already exisldiig, as 
represented in the adjoining figure (<tS'), not only do the pTooeaset of 
the stellate oella join those of neighbonriag oetla, bnt some of llwa 
meet and join with similar painted processes which shoot ont froni tbt 
adfla of ufflghbanriog capillary vesaela, and in thia manner the new 
lesaels are adopted into the existing system. The junctions of lbs 
cells with each other or with capillary tessela are, at lirat, of gr^al 
tennity, and contrast strongly with the central and wider parta of (he 
cells ; the; appear then to be solid, but they afterwards become pe^ 
rioiDs and gradually widen, blood begins to pass through them, utd tbe 
capilhiry network aoqoires a tolerably unifana calibre. Tbe ori^nal 
vascalar network may become closer by the formation of new msela in its 
interstices, and this ia effected by similarly metaniorpbosed cella, atiidag 
in tbe areola and joining at varioua points with the eurronnding tsbsiIb. 
aod also, aooonliitg to £61Iiket, Esmpl; by pointed oSshooti fi 



DETSLOFMSKT OP BLOOD- VESSELS. 



«KittJl)g cnpilliiries Btretcliiug acr 
opponte sides, bo u when cnkrgetl 
abaemtinni miule oa 
the fietul memhraoes of 
aheep, Hr. Paget has 
found Chali the mods of 

OcKTibed bf Kulliker in 
bsCnobiaiw, holds good 
also in mitiDiDiforoiu 
■ninialB.f Th« vruple 
bomogifaeatis etnt uf Uw 
capilluies U thus formed 
oat of the wttlls of tha 
eoalaoiitg cetls : the dQ' 
clei on the cnpillariea 
seetn, homier, too nu- 
iDeroDB to be iiccoiinted 
for merely by the noclri 
of thoM mIIb. WbUst 
the fineBt opillarieti re- 
t&iD thifl Btmple atra^aFe, 
those that are larger no- 
quire th« additional ante 
alreadj described, and it 
Beemt probable that the 
Bmailer artariea and 
reins are formed in the 

venld aeeni not unrea- 
sonable to pitfome, that 
the Kr«isl gndations 
of stnietnra seen at per- 
maneut Donditlona in t«b- 



the 
which I 






irigioally the su 

and the stinple mnu- 

bnne of a fine capillary. 

aequirea the cample 




I * CapillaJ7 btood-Teuels of the tail of a rery young frog lorra. 

■ Kaflnified 3G0 diameters. (After KoUiker.) a, Capillaries permeable 
to blood, b, Pat granii]e«, attached tu the walls of the TosBela and 
Mneenling nnolei. c, Hollow prolongatioD of a capillary, ending in a 
piHnt. d, A hnuebed oell, ooDtuning a nucleus and fat grnnnte*, 
and wuDTiituu eating by three branohea with proloogationa of capillaiiei 
ainady foraifd. e, Bbwd corpascla. 

t Sapplement to MiiUer'i FhyaiDlogy, by Baly and Eirkea, IS4S, 
-blUl. 



DBVELOPMENT OP BLOODTESSEtS, 

tioDi, howsTer, are required on tbia point KoIUfcer Btates, tM 
man? •flBsels wliich eTsntusUy atuin a medium aiie. are origifullj 
duriTed from round cells, which unite in tingle or dauble rove and 
form the primitiia simple membnooDB tuba of Huch vessels, bj co- 
aleaeence of thaii cavities and walls. He tbinka that, in other modenU- 
UKd vesHcIs, the process of foimatioa is the Bame as in the case of tbe 
heart and the large Tcnnns and arterial truakB, which are farmed not 
after the maimer of the eapillariea, hot io the waj described by meat 
precediag einbrjologista, namely, by an agglonienitjon of eella in tba 
situation of the fntuie heart and along the Uue of tbe great Traimlj. 
forming at first a solid mass, but flubaeqnently becoming hollow «ithin 
by liquefaoCiun in the ceotni, whibt the circamfareDliil cells are meta- 
morphosed into the fibres of the heart and the aeveral tissues oonili- 
tnting the coats of the Teasels, 
r The bload-Tessels nmy be said to increase in aiie and capamty in 
proportion to tbe demauds made on their serrice. Thus, as the nterw 
enlarges in pregnancy, its vessels become enlarged, and when the main 
artery of a limb is tied, or otherwise permanently obgtmcted, cuUat«fal 
branches, originally small and tiisignificaDt, augment greatly in OM^ (o 
aSbrd passage to tbe increased shnm uf bloud which they are tvquind 
to transmit, and by this admirable adaptation of Ihom to the exigency, 
the circulation is restored. In soch cases, an increase takes plao 
length, as well as in diameter, aLd accordingly the vessels verj a 
monly became tortuoos. 



ABSORBENT OR LYMPHATIC STSTBM. 






d.uot Under this head wa include not only the vessels specially 
j^f^i eallaii lymphatics, together with tho glande belouging to 
oUanil them, but also those named lacteal or ohyliferous, which 
form part of the same aystem, aiiU differ iu no respect from 
the former, save that they not only carry lymph like the 
rost, hut are alao employed to take up the chyle from the 
intestines during the process of digestion and convey it 
uito the blood. An introductory outline of the absorbent 
system has already been given at puge Ivi 
I-ymphatlc A system of lymphatic Vessels is superadded to the 
"^'l Twio^ sanguiferous in all classes of vertebrated animals, but such 
a- is not the ease in the invertebrata ; in many of thesA, 

the sanguiferous vessels convey a colourless or nearly 
colourless blood, but no additional clans of vessels is pro- 
vided for conveying lymph or chyle, at least none suoh 
has hitherto been detected. 
It dfstri- DiflrV/iUion, — In man and those animals in which they 
°'^ ore present, the lymphatic vessels ore found in nearly all the 
textures and nrgnnit which receive blood ; the exceptions 
are few, and with the progress of dkcovery may yet possibly 
disappear, 



DISTRIBUTION OP LYMPHATICS. . 

Lympliatics have not as yet been traced in tlie substiuioe 
of Uie brain and spinal conl, thmigh they exist in the 
membranoos envelopes of these parts ; nor hare they been 
detected within the eyeball, or in the placenta and ftetol 
enTolopes. It is tnie that some aiiatomiatu hare aucceodud 
in i^je<;ting what they conceive to bo pU'Xiises of lymphatic 
vessela in the cornea of the eye and in the umbilical conJ, 
but it has not beou satisfactorily ahown that the injection in 
these cases had really paased into lymphatics. I have 
distinctly seen lymphatic vessels, distended with their own 
lymph, on the surface of an eya which had repeatedly 
suffered from clirooic inflammation ; but in this case the 
vessels appeared to be iu or inmiedialely beneath the con- 
junctival membrane. 

In the different r^ons of the body, and in the several 
internal viscera, the lymphatics nru arranged in a superficial Stipcrtl.'Lrtl 
and a deep set. The former run underneath thu skin or ^l^ '^^ 
under the membranous coats immediately enveloping the 
origans in which they are found ; the latter ustmlly occom' 
pany the deep-seated blood-vessels. The principal lymphatic 
vessels of a part oioeed the veins in number, but fall short of 
thomiuBixe; they also anastomose or intercommunicate much 
more frequently than the veins alongside of whieh they run. 

Oriffin. — This may be either superficial or deep ; that is, Origin I* 
the lymphatics may arise immediately underneath free ordl^p. 
mrfaces, both external and internal, as for example those of 
the skin And mucous membranes, or deeply in the substance 
of organs. 

In the ntperfinai mode of origin, the lymphatics most SuperfidiL 
ueraUy arise in form of networks or plexuses out of which 
iglo vessels emei^e at various points and proceed directly 
» lymphatic glands or to join larger lymphatic trunks. 

e plexuses of origin for the most part oouaist of several plhih«> of 
nta, becoming finer as they approach the surface, in <"^i!'^ 

t both of the cahbre of the vessels and the closonesa 
\ their reticulation. This is shown in figure G9', which 
1 represent the lymphatic plexuses of the akin. 
)nt even the most superficial and finest network is com- 
led of vessels which are larger than the sanguiferous 
They do not open on the surface, as was at Oo» 
e supposed, and the fiuids which they Imbibe must pass 
o them by transudntiou. 

the plexuses of origin have much the appcaraoM kWtgi 



.ORIGIN OP LYMPHATICS. 

I of strata of intsrcoiniiiniiicatiiig cetli, and accordiogl; the l^pbaAa 
have he«D BQmetiiiies described aa ari»uig &om amall mIIuIat e&vi|j««. 
A Bhanuztcrutin example of the Sippearaace referred to is aSiinled bj 
the iDtsatme of the tartle, after its l7mphotieB have been injected with 



menuTj; v 



Kg. US'." 




M emerge from what haa aU the 
appearance uf a dense atratuiD of amall rannded 
cells filled with mercurj and lying beneath 
the surface of the ma coax coat. Thii 
appearance [e, howeTei', to be regarded •■ 
in realit; pntdnced bj the short distendtd 
branchea of a very close lympiialio B«t- 
- work, and traoaitioiui are BccordingI; mot 
with between this and the more dsoaI and 
i«galar forms. 

Bat the pleiiform mode of origin, thoof^ 
perhaps the most common, ia not uniTernd. 
According tiireueut obserratiune by Esllikcz', 
the cutaaeona lymphatioi in the tall of batra- 
chian lartiD brauch out in an arboreBoeBt 
manner, wid do not unite into a network ^ their ultimate hmnrhm. 
or, to speak, perhaps, more properly, tlieir eommeDcing radiole^ 
hare free but dosed ends, not dilated, bat mnoing out into fin* 
poizi1«. Ai^sin, the origin of the lacteala in the iDt«Htinal villi ia b]r 
miui> held to be peculiar. It waa supposed by some that Ibey beigao 
by open moutha on the surface of the villi. Lieberkilbn coDceired that 
there waa a single opening on the summit of each villas leading to a 
Oellulor cavity within, which he named "ampulla," and from wbicka 
lacteal Tessel proceeded. Cralluhank, from what he saw in ""■"'" Jng 
the human villi when they were distended with chyle, was led to 
believe that each o( these processes had un its surface sereral orifioea of 
Mmmenoiog Ueteala. Others, denying the reality of these apparmt 
openings, still dlfiar in opinion as to the arrangement of the lacteal 
vessels within the villi. Some, following the opinion of Msicagni and 
Meckel, describe the commencing Ucteals of a villus as arran^d in a 
pleioa like its hlood-ressel* ; and this view, which is also supported by 
recent observations of E. H. Weber, appears to me the most probable. 
Srauae describes and figures a lacteal taking its rise in a viUua by 
several smaller branches, uf which some appear to coinmeuee by a free 
extremity, and others join in a plems. Honle found in each of the 
villi only a single Inctenl branch with a blind dilated extremity, and 
this view, or one Buhstantially the same, in supported by Herbat and 
Kalliket. Bruecke, on the other band, mainUina that Uie lacteala oom- 
mence as mere intemtitial lacaoie, having no proper wall limiting th«ni 
from the anrrauading tissne, and that theae lacunar channels pass into 
vessels with distinct pari«l«s, 

Doap origin. When lymphatics arise deeply, thoir origin is hidden &om 
view, BJid the precise mode ia wliicli it takes place is not 
known. There us, however, no good ground for supposing 

* Lymphatic vessels of the skin of tho breast injected, (After 
Breschet.) a, Hoperficiol, and b, deeper plexus, e, A lymphatic venel, 
irhiob piooeeded to llu axillary glands. 
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itial point from wliat is observeil 
alieajf referred to. 

maiDlnined thM the lymphatioe nf gl&Ddnliir AUegvd 
IheLr urigin vith thu doctx ; but, although it ii ciiainiiuiJak- 
■ matters artificially iujectwl into tbe duds of ^™^;5^ i 
gUndi, as, for in^Uooe, those of the liTsr sad testidc, to pua into the ^^ ' 

lymphatic*, m txrcfiil emioiiuitioii of luch taaes lends to the eonflnaioa 
that the it^«tiid nalenal does nut find iU «v '""» tlie dncla into tba 
Ijmpha^cB b; an; natunttly-exiiting commnoication, bat by accidental 
rupture of conUguoas branchee of the two claioee of veewta. It aeema ^ad ■ 
probable, aino, that the commiuiicatioiii often held to exist betireen the f'^^' 
oommencing lymphatira, Iwth superfdal and deep, and eapillary blood- ,^1^ 
Teasela, hare oo better fouudation, smd that the paasage of injection, 
here also relied oa as evidence, ia to be aeconntcd for in the aame 
way. A fact raentioned b; EiiUiker throvs light on these alleged 
coininnnicstioDs with smgaiferoua eapillaries. In icvestigating the 
lyrapfaatics of the tadpole's tail with Uie microscope, that obaener not 
nnEreqneatty noticed tluil blood -corpnscles got into the lynjphatics from 
the small blood'Tessels, and he vas able to recognise in the livins 
animal the oammunicatioDs by which they passed. At first he loolced 
' ' B natural, but, alter repeated and careful 

le satisfied himself that they were produoed Mcidentallj 

some other injary InBicted oo the parts. 



Structure. — The lymphatic TeBsels have much thinner Cwit 
coats than the arteries or veins, bo thin and traDBparent '^"'' 
indeed that the contained fluid can be readily seen through 
them. Kiilliker describes the fine lymphatics which he bsw 
in the tail of batrochian Inrvie as consisting of a simpla 
homogeneous membrane like that of the sanguiferouB capil- 
laiies, only still more delicate, and like that also preeeutiag 
nuclt'iform corpitscles, which were enveloped in group* cX 
fine granules. The vessels were jagged or serrated along 
both sides with sinuosities and poiuteil clenticulations. 
According to Henle, the commencing Incteals in the intestinal 
villi consist also of a simple membrane with elongated 
nucleiform corpuBcles lying in a longiturlinal direction. 

The madium-sized anit lai^er lymphatics, as well as the 
thoracia duct, are admitted by all anatomists to have at 
least two coats, and some assign throe, besides an epithelium 
on the inner surface. Mr. Lane deBcribes three, namely, an 
internal, which is lined by the epitholiiun, a middle or 
fibrous, and an ext«ma!, analogous to the eitomal or areolar 
coat of the blood-vessels. The inner tunic is thin and 
troDBparent, also extensible and elastic, but less so than the 
other coats, for it is the first to give way when the vessel 
ia unduly distended ; its internal aurfi&ce is covered with ■ 



BTRUCTURE OK LYMPHATIC QLAKDS. 

laoteals -nhioli enter a glimd are named infareut or tSamA 
TOBBels (vtwa inferentia sou afferentta) (fig. 70', a, b), and 
those wkich issue from it eflercnt veaselg (ccwa efferetHtia) 
(4, e). The afferent vessela, on approaching a glajid, divid* 
into many Email braucheB ('>), which enter ilie 
Fig. 70'.* gland, fmd by their further nuai&<»tioDS, iriiid 
are more or less involved and tortuous, foi» 
within it an intricate plexus (c) ; from this plezw 
the efferent veBsels proceed in form of sm^ 
bmnchua {d), which issue from tlie gland, and 
at a little distance beyond it, or before usniog 
from it, unite into one or more tmtiks (e), 
usually larger in size but fewer in numbor 
than those of the afferent vessels. Tlie aSetmt 
and efferent veesela are, according to tliis view, 
continuous with each other nithin the gland, 
and the cellular cavities described by aomc 
auntomiats as intervening between them txA 
serving as the medium of their comraunicatiaoi, 
are held to be nothing more than paitdal 
dilatations of some branches of the commiOD 
connecting plexus. 

Hewaon'a view of the constitution of tlw 

lymphatic glands na«, till lately, accepted h; 

iR moit anatomiBta ; but the recent researches of Ludwig, Noll, 

, Kolliker, and others, have shown that the structure of theM 

bodies is more complex. The following description it 

abridged from Kolliker.f 

A lymphatic gland is covered externally with a ooat 
composed of areolar tissue with the usual elastic fibres and 
their formative cells ; and containing also in certain ani- 
mala, according to Heyfelder, muscular fibres of the plain 
variety. This coat is complete except where it gives pnaaage 
to the effereut lymphatics and the larger blood-vesscla ; and 
this part of the gland, which often presents a depression or 
fissure, may be named the fctfus. The proper substance of 
md the gland cousists of two parts, the rorikal, and within tltis 
^ the •meduUary, The cortical substance occupies all the 
superficial part of the gland, except the hilus, and in tlw 
larger glands may attain a thickness of from two to thnw 

* A Ijmphstia gland iiyected villi msrcnrr and dried. (Aflv 
Hevun.) a (, lulbrent, d t, eflvnnt TEsaets, oiauauiuBatitig with a, 
plexu of lytDpbntiis within the gland. 

t Handbneh d«i Oevebelebre, 2nd sdition, 19E 
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STRUCTURE OF LYMPHATIC GLANDS. 

lioei. It is pervaded by noniBTouB eeptft or partitjons 
paming inwftrds from the out«r ooot, and forming a number 
of loculi or alvroli, having a rounded polygonal figure, nod 
mensnring from ^tli to -^rd of n line in width. The alveoli 
are filled with a, whittah, pulpy matter made up of cells oud 
nudei, identical in character with the corpuscles of the 
lymph and chyle ; and when this eubatunce is washed out it 
is found that each alveolus is travojreed in all directions by 
nmnurons little filaments or trabecnlie and fine liunellas, 
which Bubdivide the space into a great many smaller inter- 
communicating cavities, and form a sort of spungy stricture, 
in the meshes of which the above-mentioned soft matter is 
contained. Fine capillary bloofl-vegiiels oIbo pervade the Blood- 
alveoli, supported by the larger tmbecuho of the spongy '"""l^ 
texture. The medullary portion of the gland occupies its 
centre and extends to the surface at the hilua. It is oom- 
pOBed of a plexus or of plexuses of lymphatics, which 
directly communicate with the vasa efferentin, and of the 
larger raraific&tions of the blood'veasela of the gland, with 
an intermediate supporting stroma of areolar tissue. The 
arteriea of the lyiD]>batia glaudn send their capillaries chiefly 
but not esclumvely to the cortical piirt, where they run 
on the trabecule of the spongy tissue. The veins end 
in one or sometimes more lai^ trunks, which issue from 
the hilua. The relation of the lymphatic Tesseln to the Lynpluilc 
cavemulated stmctore of the cortical substance cannot be <'»^' 
fully traced by actual inspection ; but from carefial micro- 
scopic investigation, combined with the results of injection 
of the vessels, Koiliker concludes, with Lodwig and Noll, 
that the afferent lymphatics, which enter the gland at 
various points on the surface, open by fine branches into 
the locunse of the spongy structure, and that other fine 
lymphatics take their rise from these cavities and pass 
towards the centre or medullary part of the gland to join 
the centnl plexus of lymphatics which, as already said, 
directly lead to the elfereut vessel or vessels. The cavities 
of the spongy structure are not mere dilated vessels, for 
their internal surface is differently constituted, and, if wo 
r^ord atructnre only, they may be oonsidered as having 
the same relation to the lymphatics, as the lacunte of the 
corpora cavernosa have to the blood-vessels. In accordance 
with this view, it is conceived that the lymph or chyle is 
poured by the afferent vessels into the cavities of the cc 
tieal spongy structure, from which it passes by minu 
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y lymphatic vesBels into the contral lymphatic ploxw, 
and thence by the vasa effurentia out of the gland. Tbv 
pulpy matter contained in the recesaee of the spongy stmc- 
tnre ia thus conceived to be chyle or lymph, with a rerj 
large proportion of its constituent corpuscles ; and as the 
fluid is known to be richer in corpusclea on issuing from 
the gland than it waa on entering it, it is sujipoaed that 
fresh corpiisclea are generated in the glandular cavities bmn 
blood-plssma supplied by the numerous capillaries, and that 
these corpuscles are added to the lymph or chyle which, 
during its sojourn in the gland, probably undergoes other 
changee, as stated below. 

Uu oriyw- TliB lacnDU spaces aod the pledfoTm bnmebes of lymphatica within 

phstli: the glands muit svidentlj b« wHeettTely more capiriciua than ths 

gludi. aBerent or efferent vessels with which thej ars aaatinnoni, and henn 

tha Ijinph or ohylo maat mote more bIowIj through them ; and whik 

thns detained or delayed in the gbod, it is brought into close relatioi 

with the blood of the Dumcroas eapiUaries distributed an tha lyniphatit 

iBcaiuD and plBma, and ia thns placed in the most favDoiBbla conditica 

for receirisg matters h^ tronsudaUoa from that doid, or fur yielding ap 

Bouiething to the sangniferous Bjsteio. It is knawo that the Ijinph and 

Olukdi *iip- chyle oonlain a greater pruportion of fibrin, and are oinseqiientlT ma* 

perfectly coagulablc after paaaing the glands; and it is also obferrsd 

that the proper corpUAcleB of the chyle and Ijmpli are moat abiiQd&nt in 

iukIu. that vhioh is obtained by puncturing the small branches of ladcala or 

lymphatics as they issae fi-om the glands. Prom this latter oiTCiim- 

■tance, it has been suppaaed that these corpusctea, though ptubaUj 

also geaeratei elsewhere in the lymphatic and lacteal lessels, are prin- 

ci|ially proflnced in the gUada, and this -new ts also m harmODy with 

the above- mentioned reaulU of reoent researches mtu the atmctniv of 

tLese organs. 

lubgtttuu* In a gland a large number of pleiiform lymphatic Teasels or lymphatiii 

" h*''""''" '" *P''™'' presenting a great eil«nt of lurlace for the contact of lymph and 

ilci.'Lud ''"' ''"' 'liatribntioD of taogniferons cspitUries, are collected into a oom- 

lirdi. pact mosB of email compass; but in fisbea and reptiles in which UUM 

are no lymphatic glonda, and in birds, in which there ore very few, ths 

purprrae serred by them appears to be accompliahed by meani of ]jn. 

pkatic uetworks occorring in TarioDB parts of tjie body, enpeciaUy aloaf 

tbe cooroe of the larger arteriei.* In this loi or expanded form <d 









* Not only do the lymphatics of many oviparoaa Tertehmta ai 

the larger artoriaa in form of close pteiuees, but, according to Eosconi, 
tbe aorta and meaenleria arteries of the Irog and aalamandcr are actually 
inclosed in wide lymphatic ressels. It baa been presumed that in 
iDstoDces eucb as the last-meatiDned, the artery is separated from the 
lymph by a reflection of tbe «nt of the oontsining lymjihatio Tessd, 
bnt Rosconi maintains that such is not invanably the case. See hia 
work eatiUed Eifleiaioni aopra il Syatema Liuhtico dd Rottili. Pariai 
1815, in wbiiA will also be ibood, besides nauy it ' 



TERMINATIOS OP LTMPEATIC3. 

Ifmpb&tic gliuiil, aa it might be nonsiilered, mpiUiirj l)lDiid-v«est!ls 
diBtribnted itn the lymphatLc pleKiUj but tho di^rent eteuieotfl Are 
(^ompscted into a aoUii maisB. 

Termiiiafi<m,—Tbe absorbent system discliarges ita c 
tents into the voius at two pointa, numely at the junction j,. 
of the subclavian and internal jugular veins of the left side V 
by the thoracic duct, and in the corresponding piirt of the pi 
reins of the right side by the right lymphatic trunk. The 
ojieuingH, aa alreudy remarked, ure guarded by valves. 
HometiiaeH happens that the thonunc duet divides, near its 
termination, into two or three short branches, which open 
separately, but near each other ; niore rarely, 8 branch 
opens into the vena azygoa, indeed the main vessel has been 
seen terminating iu that vein. Again, it is not nnconunon 
for larger branches which usually join the thoracic duct, to 
open independently in the vicinity of the main termination ; 
and this is more apt to happen with the branches which 
usually unite to form the right lymphatic trunk. By such 
variations the termiuatiouB in the great veins are multiplied, 
but still they are confined in man to the region of the neck ; 
in birds, reptiles, and fish, on the other hand, i 
tiona take place between the lymphatics of the j 
jioateiioT eitremities and tail, and the sciatic or other {■• 
considerable veins of the abdomen or pelvis. 

The alleged tenainationa of lymphatics in various reins of the ^ 
abdomen, descrilwd bj Lippi as occorring in man And mntomalia, have z: 
uot be«D met with bf those who have siuce been moxt engaged ia the m 
liroseenljoa of this department of aoatomical research, auil aecordingljr 
bin observstions hare genetallj been either rejected as erroneoiiB, or 
held to refer te devialjons from the normal oonditjan.* But, while ineh 
(eitra-glandnlai) (ennioations in otlior veini than those of the neok 
hare not been generultj admitted, several anatomists of mocli autborit; 
have mainl&ini^d tbnt Uie lacteals anil Ijmphatics open naturally into 
veins within the lymphatic Rlands. This latter opinion, which has been 
Btrenuonslj advoesled by Pohmann in particaUr, is based on a ta/A 
well known to every one conversant with the injection of the vesselii in 
quesdon, namelj, Uiat the quicksiWer niaall]' emplcyed for that pur- 
pUEe, when it hai entered a gland by the inferent lymphatics, is apt to 



vations on the lymphatic system of reptiles, an socoont of his improted 
method of injecting these vessels. 

• In a communication inserted in Miiller's Arcbiv, for 18*8, 
p. 173, Dr, Nuba, of Heidelberg, affirms tbe regulur existence ot 
these abdominal ti'nninaUons, and relent to three instances wbish he 
net with himself. In two of these, the lympbatlci opened into ths 
renal veins, and in the other into the vcua can. 
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LYMPHATIC HEARTS. 

yoga into bmnalieB of leim witliin the glsnil, uid tbv« Gnda its wijr 
into the lorKe TenouB tranks in the oeigliliaarhvod, in place of uaoiif 
by the efferent IjmphttUc Teaaels. Bnt. ollbongh it, ot eoaae, ouuMt 
be doubted that, in aach cues, the mercaij gets from the Ijmphatiea 
into tfae TeiflB, no ooe baa jet beea able to peroeiTe tie precise mode 
in which the tnuumisuon takea place, and, lorikiDg to the ciFcuin- 
■tances in which it cUeBj oceois, it «een>s to be more probablj owiag 
to rapture of coutignooB IjmphattcB luid Teins within Iha glanda, than 
(o a natural oonuDunicatdon between the two cluses of Teaaela ia that 
sittution. 

Li/m]ifiaiie Jiearii, — Some years ago, Milller and Panizia, neadj 
about Uie same time, but independenttj nf cnch other, discoTered th>t 
the lymphatic BjMem or reptiles is famiaheil, nt its principal toi^- 
nations in the venona ajsjem, with pulsatile mnsaalar aaes, which aem 
tu dischargo the lymph into the Teioa. Theee orgiuiB, which are named 
lymph-hearta, have now been found in alt the different orders of rep- 
tiles. Id frogs and toaiU two yi.\n have been diecoTeivd, a posteriar 
pair, aitnatod in the aeiatie region, vhich ponr their lymph into a 
branoh of the iwatio or of aoma otiier neighbouring rein, and aa ante- 
rior more deeply-seated pair, placed over the tmnareise proceas of the 
third Tertebra, and opening into e, branch of the jugnlac vein. The 
parietea of these aaca are t^ and transparent, bat contain masonlar 
fibres of the striated kind, disposed spirally, and deenssatiDg in difierenl 
layers, as in Che Uuod-beart Id their pulsations they are qoite inde- 
pendent of the latter organ, and ore not even syachrouoas with eaoh 
other. In salamanders, liiarda, serpents, tortoises, and turtles, onlj 
a posterior pair have been diacovcrcd, which, however, agree in all 
essential points with those of the frog. In the goone, and in ntber 
species of birds belonging to difiiirent orders, Panina discovered a pair 
of lyrapb-socs opeuing into the sacral veins,* and Stannlns has mne* 
found Uiat these aaon have striated muscular fibres in their paiJetM ; 
bat, althoagh this observer, in some cases, exposed them in the livuiK 
bird, he was not able to discover any palsation or spontansoua moTB- 
ment in them.t 

Ilrrtlopmait of lymphalk ruwl*. — Kolliker states that be has 
observed the formation of lymphaUca from ramified cells in the taili of 
' young salamander- larvie. He states thnt the process takes place neariy 
in the same manner oa in the esse of the sangsiferons capillariea 
already described ; the only notable difference ttauig, that whilst the 
growing lymphatics join the ranufied ceUs, and tbns extend tbemselvea, 
their branches very nrely anastomose or become connected by com- 
munioating arches. New-formed lymphatlca have been injected in 
adhesions between inffamed asrons membrauee. 



SEB0U3 MBMBSANES. 



serons "^^ serous membranea are so nnmed from the natnr© of 

wbm™'*^ the fluid with which their Burfuce is moistened. They line 
found. cavities of the body which have no outlet, and the chief 

* DsBerraiiam antropo-iootomieo-fiaiologiche. Pavia, 1830, pp. 6S 
and 67. 
t Uoller't Arahiv., 1SJ3, p. *«». 
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SEROUS MEMBRANES. 

examples of them, are, the poritonfeum, the Isrgeat of all, 
lining the cavity of the abdomen ; the two pleurte and 
perie*rdinm in the cheat ; the mdmoid membrane in the 
oranium and vertebral caual ; ftud the tutdca TSginaliB 
gUTTOunding each of the testiole* within the scrotum. 

form oiuf aimnyenwiit. — 111 all these cases the BerouB pj 
membrane has the form of a closed sac, one part of which is ^ 
applied to the walla of the cavity which it lines, the parietal 
portiou i whilst the other is reflected over the surface of the 
oTKaa or organs oontained im the oavitf , am] is therefore 
najned the reflected or rinetnU portion of the membr&ne. 
Hence the viscera in tuch cavities are not nontaioed within 
tha eac of the serous membrane, bnt are really placed behind 
or outnde of it ; merely pushing inwards, as it were, the 
part of the membrane which immediately covers them, soma 
organs receiving in this way a complete, and others but a 
partial and sometimes very scanty investment. 

In passing from one part to another, the membrane bo- p, 
quently forms folds which in general receive the Bpi>ellatiou "^ 
ctf ligaments, as, for example, the folds of perilonieum 
pMsing between the liver and the parietes of the abdomen, 
but which are sometimes designated by special names, aa in 
the inBtAnces of the mesentery, meso-colon, and omentum. 

The peritoniBum, in the female sex, is an exception to the F< 
rule that serous membraues are perfectly closed sacs, in- '° 
aamuch aa it has two openings by which the Fallopian tubes 
ooinmunicatc with its citvity, 

A serous membrane sometimes lines a fibrous membrane, Pi 
H where the arachnoid lines the dum mater, or where the ^ 
■■tius layer of the pericardium adheres to its outer or fibrous 
part. Such a combination is often named a fibro-ier(m$ 



The inner surface of a serous membrane is free, smooth, intstiTsi or 
.ibJ polished ; and, as would occur with an empty bladder, '"" o'itlaot. 
the inner surface of one part of the sac is apphed to the 
_ mdiag surface of some other part ; a small quantity 
I of fluid, uBuuliy not more than merely moistens the con- 
f Mgnous mrfaces, being interposed. The parts situated in a 
I CKvity lined by serous membrane con thus glide cosily against 
I iti pariet«s or upon each other, and their motion is rendered 
moother by the lubricatiug fluid. 

The outer surface most commonly adheres to the parts Eitenul or 
lUch it lines or coven, the connection being eSected by Ju,^. 
IS of areolar tissue, muned therefore '* subeerous," which, 
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when the niembnkiie is detached, gives to its outer and 
pruvioualy s.ilhereDt Burfnce a flocculent iwpect. The degree 
of firmness of the connection is reiy rorious : in some parti, 
the membrane can scarce be separated ; in others, its 
attachment ie so lax as to permit of easy displacement. He 
latter is the CAee iu the neighbourhood of the openings tliroii^ 
which abdominal homie pass, and ivccordiogly wboB sut^ piv- 
trusionB of the viscera happen to take place, they usually path 
the peritonaium before them in form of a hernial aao. 

The visceral porllon of the arachnoid membrane ia iu 
Bome measure an exception to the rule of the uut«r Bnr&oe 
being everywhere adherent ; for iu the greater part of ita 
extent, it ia thrown loosely round the parts which it coren, 
a few fine fibrous bands being the solu bund of connection ; 
and a quantity of Herous fiuid is interposed, especiallyia tha 
vertebral canal and base of tlie cranium, between it and the 
pia mater, which is the membrane immediately investing ths 
brain and apinnl cord. 

Structure and proptrlic*. — Serous membranes are thin 
and transparent, bo that the colour of subjacent parts slunes 
' through them. They are tolerably strong, with a moderate 
degree of extensibility and elasticity. They consist of, l*t, 
a simple layer of scaly epithelium already described and 
figured (fig. 15'), which, however, is ciliated on the eennu 
membrane lining the ventiioles of the brain of the Bmbiyo, 
and on the part of the peritonieum which covers ttte 
fimbriated end of the Fallopian tubes ; 2ndly, next to the 
epithelium, and supporting it, an exceedingly fine lamella of 
aimpU or humogentoui membrane, named basement mein6ran« 
by Todd and Bowman, who, as far as I know, were the firft 
distinctly to point it out as a constituent of the serous mon- 
branes ; its existence generally in these membraues, has ainoa, 
however, been questioned ; 3d]y, one or more layers of fin * 
but dense areolar tissue. This consists, as usual, of bundlet 
of white filaments mixed with elastio fibres : the fonaor, 
when there are two or more layers, take a different direction 
in the different planes ; the latter unite into a network, and, 
in many serous membranes, as remarked by Henle, are 
piiudpally collected into a reticular layer at the surfkce of 
the strata of areokr tissue, or, to speak more precisely, 
immediately beneath the baaement membrane. The con- 
stituent areolar tissue uf the serous membrane is of course 
continuous with the nsually more lax sxibserovs areolar tieme 
connecting the membrane to the subjacent parts. 



n,UID OP SEROCS CAVITIBS. , 

i Blood-TesRaU cadiug iu a capillAry network with com- Viwai 
■iMmttively wide meahea, together with plezuBus of Ijmphatiu "*"'• 
Te«selij, pervude the suba^iu tiasue and the areohu' tissue 
which forms part of the aeroua membrane, but do not peue- 
trate ita basement membrane or epithelium. PlexuaeEi of 
tine nervous fibres have been deaoribed by aovoral anato- 
mists, in or immediately beneath the aerouB membronca of 
various regions : ncvertheleas it would worn, that when 
iu a healthy couJitiuu theae membrouea possesa little 
or no sensibility : they are altogether devoid of vital 
contractility. 

Plnid. — The internal iiii&oe of Nrom oiTities is moiiUned and k- Fluid 
bricalcdwitb a IrBDapivent and ncari; culourleu Sutd, wliich in heoltb iimiut 
piiflU only U a nry aiiiall egBaabLt;. This Suid, which is daabdaas »'"'>' 
ilerired from tbe bloud-iMsela of Uic membrane, ia commonly nndei- 
etood to be Bimilnr in cunittitntion tu the serum of Uie blood, und anch 
unqueitiDoablj is generallj Its uature when it w^omulalce in unuinumy 
lurge quantity, as in dropiiual affusiuus; tbe cbief ur only differance 
being in its propurtloo of albiunen, nhii'h is, Tor tbe mast port, amaller 
than in bl-x>d-senun. Sut it vu long Hiace remarked by Uewson (aad 
n sniiiar o[^nioQ seems lo hare been held by Haller and Monru), that 
tbe Said obtained from the serons cavities of receDtly-lulled animals 
voagulaleB spontaneouBlj, and tbns resembles the lymph of tbe lym- 
phatic Tessels, and, we may add, tbe bquar Banguinis or plasma of the 
blood, the coaguLatiou being, of coimie, due tu fibrin. Uewson foond 
that the ooagnlabilily diminished as the quantity of the Quid inareased. 
In oonfirmatjon of Hewion's statement, 1 may mention that I have 
always found the fluid obtained from the perilonaal cavity of rabbits 
to coagulate ipontaneonsly in a greater or lees degree. Hewtoa made 
his obsonatioos on the fluid of tbe peritumuom, pleura, and pericar- 
dium, in Tatioiu auinuila, til, bullocks, doge, i^eesc, and rabbits. 
The subject needs fnrtiher eiamination, for we linow that the small 
quantity of liquid whi«h may generally be obtained from tbe homan 
pericanLJnni aRer death is not observed to coutoin a ooagulum ocir to 
cuagubite on exposure.* 

When a serous membmne is ioRamed, it has a great tendency to sflema of 
tbiow out MtguUble lympb (or GbtinJ and serum, the two constitaeuls ^nflommii- 
ot the blood •plaaoia, tbe former chieliy adberiog to the inoec surfiw^e ^i""- 
of the membrane, whilst the latter galbers in its cavity. The ooagu* 
table lymph spread over the surface, in form of a "Use membrane," 
as it is cajled, or igglnljnating tbe opposed sar&ces of tbe serous sac 
and caosing adhesion, becomes pervaded by blood-vessels, and in pro- 
fess of time converted into areolar lisiiue. 

Breaches of continuity in tbew membranes are readily repaired, itigwation. 
and the new-formed portion acutures all tbe ebaractert of tbe original 

• 8m Bewson's Worts, published by tbe Sjdenhom Society, p. 16", 

with some impartaot remarks in notes xriil. and llviii,, by the editor, 

r. Onlliver. 
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Resembling Berous membnuiea m genera) form and 

g structure, the sTnoviul membronea are dUtiuguiBhed by the 

' nature of the Hecretion which lubricatcB their surtkce, for 

this ie a viscid glairy fluid rcaombling the white of an c^g, 

iuid. thoncu iioueil lynut-ia. 

These membrautis liue the cavities of joints and an 
interposed between moving p»rta in certain other eituatioiu ; 
being iu all chess iuteuiled to lessen friction and thereby 
fitoiUtate niotiou. They are com^josed of a scaly epithelium 
which, accordiug to Heiile, may oonHist of several str&ta, and 
a layer of deitse areolar tisatie pervaded by vessels and 
attached by tisane of the sauie kind to the parts beneath. 

The different synovial taembranea of the body ore reforred 
to three olasses, via. articidar, vtiiealar, and vaginal. 

1. Artieular i\jnovial mtmbranea, or Sijnnnal capa^Uea of 
_ joints. Theae line and by their synovial secretion lubricate 
the cAvitios of the diorthrodial articulations, that is, tboM 
articutatioiiB ia which the opposed surfaces gUde on eaeh 
other. Ju thotie cases the membrmie may be readily seen 
covering internally the surface of the capsular or other 
liganienta which boimd the cavity of the joint, and affording 
also an investment to teudons or ligaments which happen to 
pass through the articular cavity, oa in the instance of the 
toog tendou of the biceps mttscle in the shoulJer-juint. Oa 
approaching the articular cartilages the membrane puaea 
over their margins, and, becoming much more firmly 
adherent, terminates after advancing but a little way on 
their surface. This, as already explained ([kage cii), is 
the condition in the adult, bat iu the futus the membrane, 
closely adhering, is continued over the whole surfooe of the 
cartilagu, ao that it would seem to become obliterated or 
absorbed iu consequence of pressure or fHctiou when the 
joint comes to be eiercised. The blood-veanela in aoA 
immediately underneath the membrane are suSiciently 
manifest in most parts of the joint. They adrauoe but a 
little way upon the cartilages, forming a vascular ame 
round the margin of each, named " circulns artiouli vaacu- 
loEue," in which they end by loops of vessels dilated at the 
bent part greatly beyond the diameter of ordinary capillaries, 
Iu the fcetuB, aoconling to Mr. Toynbee, these vessels, lika 
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the Dieiobruie itself advance further upon the surface of the 
ctttilago. 

In KTinl of the joiata, fotjg of thti sjnoTial msmbnuw, often cod- Ft>ldi 
lunlug more or lesa &t, pasa tkcmaa tbe caTit; ; theae have been called <"'»!' 
^noTial at mncoas UgameDla. OtheF pruMesea of tho membnuie 
amplj project into the caritj at Tariooa poiota. These are larj gcne- 
nllj cleft into fringes at their free border, upon which thcdr blood- 
teaaek, which are nuinerona, are lieaael; distribaled. The; often 
OODtain ht^ and then, »hen of tulerable uze, ate sufficientlj oiivions ; 
but mao; of them are rurj small and incoDBpicnaus. Tbe fringed 
Tsacalar folds of the sjiiarial membnine were deacribed, by Dr. Clopton 
Haven (1661), under the luuue of (he muvilai/iuetu gCandi, and be 
cqtDided them u an appanittu iur iwcreting efnuiia. Subsequent 
aoatomiats, while udmitting that, as so many eitunuouB of the KCieting 
memhine, these fbldi mast contribute to increase Ihe secretion, haxe, 
for the moat part, denied them the ipedol character of gUndt, oon- 
aidering them lather in the light of a mechanical pmnBiun for nocupf ■ 
ing spaces which would citbtrwise be left void in ths motion of the 
joinle. Havors's view has, however, been revived bj Mr. Eainey, ' who 
finds that the prooessee in qneition exist in the bursal aud vaginal 
■ynovial membraDca aa well aa in thoae of joints, wherever, in abort, 
iTlioiria ia aecceted. Be states that tJieir blood-Teisela have a pecoliai 
oonvotnted arraogeDient, diOering from that of the vesaets of fat, and 
that the epithelium covering them, " besides inctoaing sepaiately each' i 
packet of convoluted veasela, seuda off &am each tubular ahcath secOn^ 
darjr procenee of variona ahapea, into which no blood-vessels eater.^ 
K^lUker, who hai liaoe taken up the iiquirj, also finds tbat fringed 
mcmblsnei eiist in all jointa and B]movial aheatha, aa well as in mlw( .'J,; , 
ajnovial bonae, and that thev conaint of vsacnlar tnfts of the synovioK^/c /) 
membrane, covcrvd b; epithelium, and now and then containing &t- 
cella and more rarel; isolated cartilage cells. He also observed the 
CDjious " Don-vascnlar ■econdar; procesaes," deacribed bj Ur. Rainej, 
tbe hirger of which, he taja, consiiit of fibres of areolar tissue id the 

^ Bumetimee contsjning cartilage cells, and a covering of Irr^ularlf 

!ned epitheltum. 




■ •eBtre, 



2, Fuicular or BwT»al sytimnal tMmbrana, S^novuU bxtrta, Bjov 
Swme t'lunxte. — In these the uiembr&ue has the form of a 
ximpte Bau, interposed, ho as to prevent friction, between 
two BuriJweB which move upon eauh other. Tho syuovial 
sac in auch cases is finttened and hue its two opposite Hides 
iu appoajtion by their inner Hurfoce which is free and lubri< 
csted with synovia, whilst the outer surface is attached by 
iu«olar tissue to tbe moving ports between which the boo is 
[ilaoed. 

In point of situation the bura» may be either deep- Dorp 
seated or subcutaneous. The former are for tho most pMt 
placed between a. muscle or its tendon and a. boue or the 

■ Proceedings ut the Bojal Society, May 7th, 1848. 
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osterior of a joint, less commonly between two muaclea at 
tendoDB : certnin of the bursce situated io the neighboolF' 
hood of joints not unireciueutly open into them. The saV 
cutauoouB boras lie immediately under the skin, and aiv 
found in various regions of the body interposed between the 
skin and BUiue iina prominence beneath it. The large 
buraa, sitimted over the patella, ia a well-known example oT 
this class, but similar, though unuller bursce are found mlso 
over the olecranon, the malleoli, the knuckles, and various 
other prominent parts. It must, however, be observed, 
that, among these subcutaneous burste, some ore reckoned 
which do not always present the characters of true synoTift] 
sacs, but look more like mere recesses in the subfrutaseoua 
areolar tissue, larger and more defined than the neighbour- 
ing areolte, but BtHl not bounded by on evident sjniovia] 
membrane. Their walls are formed of common connective 
tissue, and possess no epithelium. These have been looked 
on as esiimplea of less developed atructure, forming a 
transition between the areolar tiojue and perfect synovial 



3. I'aytnai Synonial mcmiranrj) or S'jnoviat dteatki. — 
These are intended to facilitate the motion of tendons as 
they glide in the fibrous sheaths which bind them down 
against the bones in various situations. The best-marked 
examples of such fibrous aheaths are to be seen iu the hand 
and foot, and especially on the palmar aspect of the digital 
phalanges, where they confine the long tendons of tbs 
flexor muscles. In such instances one part of the Hynoviil 
membrane fumiB n lining to the osaeo-fibroua tube in which 
the tendon runs, and another part is reflected at each end 
upon the tendon and affords it a close investment. Tha 
space between the parietal and reflected portions of the 
membrane is lubricated with synovia and cr»»ed obliquely 
by one or more folds or duplications of the membrane, in 
some parts inclosing elastic tissue. These are named 
" freena," and paaa from the one part of the membrane to 
the other. 

Synovia. — As olreadf atatod, this is ■ viscid transparent fluid ; it 
has t. yellowish or funtl; leddiah tint, and a slightl; salioa tasta. 
AcoorcUng Io Preridia thu sjnuTia of the ox oaosigti of 94'85 water, 
0-Sdmucusuidi)[iitlielinii], 0'07 f^t, 3-Sl ullumeu uid eitnutive mat' 
tcrand 0'tl9 salts. If adrupuf aynoTialBuidiiciaiDiiMdniicroBOapieally, 
it is found to contain (in addition to fst-molecnlei and eiNtheliw 
cgUb) Bmoll, gnmuUr corposclci, bearing a close resemblSDce todf 
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pale anpoKlea oi' tbe blood. It 

> medal utare uid purpon^ o 

u of epitheliuui-paiiicleH. 



MUCOUS IISMBRANKS. 



^^H Ttieae membrajieB, unlike tlie eerous, line inteniiil passageB, G> 
^^H|ld other cBTities vhich open on tlie suiface of the body, te °^ 
^^^^ OS various receBses, sinuaea, gland-ducts itnd receptitclra 
^^H Mcretiou, which opmi into auch pItBa(^^. Thoy ore hftbi- 
^^Ewlly aubjuct to the ooiitoct of foreigu aubatances introduced 
^^bto tbe body, such as air and alimont, or of various aecreted 
^^^ excreted mntteri, aud hence their surfiice ia coated over 
and protected b; mucus, a fluid of a more oonsistent and 
teuaciouB character than that which moistena the sarous 
membranea. 

The mucoua membranes of several different or even diatant Ti 
^^jvto are coiitinuooe, and, with certain unimportant reser- [' 
^^ntiona, to be afterwords explained, they may all be reduced 
^^^ two great diviaious, namely, the giufro-puiino/Mjry and 
* file gtnU<Mirinary. The former covera the inside of the 
alimentary and air-passagua as well aa tbe leas conHiderable 
cavitiea communicating with them. It may be described Or 
as commencing at the edges of the lips and noatrila where ''" 
it is continuous with the akin, and proceeding through tbe 
nofle and mouth to the throat, whence it i» continued 
throughout the whole length of tbe alimentaiy canal to the 
termination of the intestine, there again meeting the skin, 
and abo along the windpipe and its numerous divisions as 
far as the air-cells of the IimgB, to nhich it affords a lining. 
From the nose the membrane may be said to be prolonged 
into the Uchrynial passages, extending up the nasal duct 
into tbe lachrymal sac and along the lachrymal canals until, 
under the name of the conjunctival roembrunu, it spreads 
over the fore part of the eyeball and inside of the eyelids, ' 
on the edges of which it encounters the akin. Other 
offsets from the nasal part of the membrane tine the frontal, 
ethmoidal, sphenoidal and maxillary sinusea, and from the 
upper part of the pharynx a prolongat ion etends on each 
side along the Eustachian tube to line that passage and the 
tympanum of the ear. Boaides these there are offsets 
from the alimentary membrane to line the lachrymal, 
■alivary, pancreatic, and biliary dacta, and the gall-bladder. 
"^ > fftnito-uirinary membrane invests the inside of the un 
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nrinaiy bladder and the nkole track of the urine 
both seiea, from the interior of the kiduey i to the orifioe 
of the uretlim, aim the Heminal ducts and TCHicle« in the 
male, and the vagina, uterus, und Fallopian tubes in the 

The mucous membranes lining the ducts of the manunaiy 
glands, being unconnected with either of the above-men- 
tioned great tracts, have nometimes been enumerated aa a 
third division, and the number might of course be multi- 
plied, were we separatelj to reckon the membranes prolonged 
from the skin into the ducts of the numerous little glanda 
which open on the surface of the bodj. 

The mucous mcmbraneB ore attached bj one surface to 
the parte which they line or cover by means of areolar 
tissue, named "Bubmucous," which differs greatly in quan- 
tity as well as in oonsistency iu <lifiereut parts. The con- 
nection is in some cBsea close and firm, as in the cavity of 
the nose and its acljoiuing sinuses ; in other inataneea, 
especially in cavities subject to frequent variation in capat- 
□ity, like the gullet and stomach, it is lax and allowi of sonte 
degree of shifttng of the connected stufaces. In such casea 
as the loat-mentioued the mucous membrane is ocoonlingly 
thrown into folds when the cavity is narrowed by con- 
traction of the exterior coats of the organ, and of couiao 
these folds, or rvga, as they are named, are offaced by 
distension. But in certiun parts the mucous membrane 
t forms permanent folds, not capable of being thus effaced, 
which project conspicuously into the cavity which it Unm, 
The beat-marked example of these is presented by the 
valcvlm connii'tnUi seen in the small intestine. These, aa 
is more fully described in the special anatomy of the 
intestines, ore cresoent-shaped duplicatures of the mem- 
brane, with connecting areolar tiaauo i)Btween their buninie, 
which are placed trauavemely and follow one another at 
very short intervals along a great pikrt of the intestinal 
tract. The chief purpose of the valvulie connivuntea is 
doubtless to increase the surface of the absorbing mucous 
msmbrane within the cavity, and it has also baeu supposed 
that they serve mechanically to delay the alimentary maaa 
in its progress downwards. A mechanical office has alaa 
been assigned to a series of oblique folds of a similar penn»- 
nent kind, though on a smaller scale, which exist within 
the cystic duct. 

Phyiical propttHei. — In most lituationathe muoona tnenk* 
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branes are nearly opaqae or but slightlj' transluoent. They 
pOBSess no great d^rec of leiiacity and but little el&Btidt;, 
and hence are readily torn by a moderate force. As to 
colour, they caimot be said intrinsically to have any, and 
when perfectly deprived of blood tbey accordingly appear 
whitii or at most somewhat grey. The redness which they Caiui 
commonly exhibit during life, and retoia in greater or lew ""^''^ 
degree in various parts after death, is due to the blood coD' 
toiued in their vesfiels, although it is tnie that after 
decomposition has set in, the red matter of the blood, 
becoming dissolved, tnuiRudes through the coata of the 
vesaols, and gives a general red tinge to the re«t of the 
tissue. The d^jpee of rodneaa exhibited by the muconi 
membrane after death is greater in the fcetns and intknt 
than in the adult. It is greater too in certain situations ; 
thus, of the different parts of the alimentary canal it 
is most marked in the stomach, pharynx, and rectum. 
Again, the intensity of the tint, ss well as its extent, is 
inflnenoed by drcumstanoes accompanying or immediately 
pnscediog death. Thus the state of inflammation or the 
local applicatioD of stimuli to the membrane, such as irritant 
poisons, or even food, in the stomach, is apt to produce in- 
creased redness ; and all the mucous membranes are liable 
to be congested with blood and suffused with redness when 
death is immediately preceded by obstruction to the circu- 
lation, OS in cases of asphyxia, and in many diseases of the 

StraetuTf. — A inuaoua membrane is composed of the c^ms 

^orium and epifheUum. The epitMiwn covers the siuAice, ■'■"^''' 

IB already been described (p. Ixiv.). The membrane 

ramains aft«r removal of the epitheUnm is named the 

a the analogous instance of the trne skin. The 

a may bo said to consist of a ^ln-o-i>aiidiJ<ii' layer, of 

iable thicknees, bounded superficially or next the epithe- 

D by an extremely fine transparent lamella, named baat- 

^MMnl mtmbrane by Bowman, and primary mtmbranr, limitary 

1 and memlirana propria by others who have 

f jdwcribed it. It must be explained, however, that these 

O constituents of the ooriiui cannot in all situations be 

■■QMiated from each other, nor indeed con the presence of 

I be proved by actual demonstration in all parts of the 

»ua membranes. 

The basement nHmbrane is best seen in parts where the BvatiK 
cons membrane is ndsed into villous processes or where ^'•^^•- 
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it forms secretmg crypte or nmiiite glandular r 
as those which aboimd in the stomncli ajid intostiual cuiaL 
On teastug out a portion of the gastric or intestinal mnotiitt 
membrajie under the microacope, Home of the tubular glan^ 
are here and there discoTered which are tolerably well cleared 
from the surrounding tissue, and tbuir purietes are seen to b* 
formed of a thin pellucid film, which is detaehed &om tht 
adjoining fibto-Tasculai layer, the epitbclium perhaps atill 
remaining in tbo inside of the tube, or having escaped as Uie 
case may be. The flue film referred to is the basement mem- 
brana. It may by careful search be seen too on the pan of 
the mrium situiited between the orifices of the glauds, and 
on the villi, when the epitliebum is detached, although il 
cannot be there separated &om the vaaculor layer. lu thate 
ports it manifestly forms a superficial boimdary to tits 
corium, passing continuously over its eminences and into 
its recesses, definiug its surface, and supporting the epithe- 
lium. Where villi and tubular glands are wanting, and 
where the mucous membrane, more simply arranged, present* 
an even surface, as in the tympiuium and nasal siuiiaes, tlie 
actual presence of a fine film or basement membrane cuinot 
be demonstrated. lu such situations it may possibly hare 
originally existed as a constituent of the corium, and hare 
been obliterated or rendered iuconflpicuous in couseqneace 
of subsequent modifications. 
>oi The basement membrane, as already said, forms the 
uom- peripheral boundary of the corium ; it is in immediate oon- 
uection with the epithelium, which it sujtports, and in the 
production of which it is supposed to have ' probably sojae 
share. By its tmder surface it more or less closely n^jo^ 
the fibro-vasoular layer, The vessels of the Utter Advance 
close up to the basement membrane, but nowhere [>enetmte 
it ; the delicate film of which it couaists is indeed wholly 
extra- vascular. In respect of structure the membrane in 
question seems perfectly homogeneous, but marks resem- 
bling the nuclei of epithelium cells are sometimes seen 
disposed evenly over its sur&ce, and some observers, ccm- 
sideriug these as forming an integrant part of the membrane, 
have looked on them as bo many reproductive centres troBi 
which new epithelium particlee are generated. Mr. Bowman, 
on the other hand, considers these objects as nuclei belonging 
to the undermost and as it were nascent opithehum cells, 
which have remained adherent to the really simple basement 
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Tbe JUnro-viuexdaT layer of the oorium ia composed of P!bro.Ti«cu- 
reswlB both sanguiferous niid lymphatic, with fibras of^^unt' ' 
ar«ohu tissue, aud, iu many parta, of non-striated musoular 
fibrei, Turiously disposed. The uervcA also which belong to 
tbo mucoiiB membrane ore distributed iu this part of its 
^jtnicture. 

^^L Xhe vessels exist uuiveraally in miicoua membranes, ita inn) 
^^^bept in tliat which coven the anterior surface of the cornea ; 
^^Bh« the epitheUum and basement membrane are present, 
^^*0t, in the adult, oo vessels eicept at the border. The 
bmuches of the arteries and veins dividing in the submucous 
tissue send smaller branches into the corium, which at length 
form a uetwork of capillaries in the fibro-vascular layer. 
This capiUaty network lies immediately benaith the base- 
ment nieinhnune, advaucing with that membrane into the 
villi and papillae to be proftently described, and surrounding 
the tul>es and other glandular recesses, into which it is 
hollowed. The lymphatics also form plexuses, the finest of 
which lie at the surface, probably just below tlie basement 
memhrone ; their arrangement generally, as well as in the 
^^j^^llli, has beeu already described. 

^^K The fibres of areolar tissue which enter into the formation Pihroi m 
^^H the corium are arranged in interlacing bundles ; but their '^""^• 
^^^oount is very different in different part«. In some 
utuationa, as in the gullet, bladder, and vagina, the fibroua 
constituent is abundant, and extends throughout the whole 
thiokneSH of the Gbro-vascular layer, forming a continuous 
and tolerably compact web, and rendering the mucous mem- 
brane of those parts companitively stout and tougL In the 
stomach and intestines, on the other hand, where the 
membraue is more complex, and at the same time weaker in 
structure, the areolar tissue is in small proportion ; its 
principal bundles follow and support the blood-vessels, 
deserting, however, their finer and finest branches which lie 
next the basement membrane ; and accordingly there exists, 
next, and for a little depth below this membrane, a stratum 
of the corium in which very few if any filaments of areolar 
tissue are seen. In this superficial stratum the sanguiferous 
capillaries and lymphatics are spreail out amidst a soft 
granular matter, with a few corpuscles, mostly resembling 
cell-nuclei and granular cells. Here too, as well as deeper 
in the coriiun, a few bodies are seen having the appear- 

ance of fusiform cells. Tbe villi present the same 

ierual structure as this sujwrfidal stratum, and appear 
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to be prolongations of it ; they contain miiB(]ul»T fibru of 
the plain variety placed longitndinitllf round their laotcal 

apilliB and The free sarfaoe of the mucous membranes is in Kome parti 
'''■ piftia, but in others is beset with little eminences named 

papilliB and villi. The papUlie are best seen ou the tongue ; 
they are small processes of the corinm, mostly of a oonical 
or cylindrical figure, containing blood-vessela and nerves, 
and covered with epithelium. Some are amnll and simple, 
others larger and compound or cleft into secondary papdlia 
They serve various purposes i some of them no donht 
minister to the senses of taste and touch, many appear to 
have chiefly a mechanical offloe, while others woidd aeem 
intended to give greater eEtension to the surface of the 
corium for the production of a thick coating of epithelium. 
The vUli are most fully developed on the mucous ooat of 
the small intefltines. Being set close together like the pile 
or nap of cloth, they give to the parts of the membrane 
which they cover, the nnpect usually denominated " villona." 
They are in reality little elevaHons or proceasea of ths 
superficial pari^ of the corium, covered with epithelium, and 
containing blood-vessels aud lacteals, which are thns 
favourably disposed for absorbing nutrient matters from the 
iut»itine. llie more detailed description of the papillse and 
villi belongs to the special auatomy of the parts where they 

raolar In some few portions of the muoouR membrane the surface 

mc'rau-" ^ marked with fine ridges which intersect each other in 
lumciD- a reticular manner, and thus inclose larger and smaller 
polygonal pits or recesses. This peculiar character of the 
surfiuw of the membrane, which might be called '■ alveolar," 
is seen very distinctly in the gall'hiadder, and on a finei 
scale in the vesioulia seminales ; still more minute alvM 
recuBsee with intervening ridges may be discovered n 
lens on the mucous membrane of the stomach. 
""'»• Gliindi of inritovx nifmilrrunrs. — Many, indeed most o 

glands of the body, pour their secretions into the (_ 
passages lined by mucous membranes ; but there aro oer- 
tain small glands which may be said to belong to the mejn- 
brane itself, iiinsmuuh as they are found in numbers over 
large tracts of that membrane, aud yield mucus, or special 
secretions known to be derived from particular portions of 
the membi-ane. Omitting local peculiarities the glands 
refeired to may be described as of three kinds, vii. : — 
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OLAKDS OP UUCOrS KBIOBAKE. eeW 

1. Tvhvlar foUicht. — These are minute tabes formed by Tubulu 
recenee or inrersiona of the basement membr&ne, and lined e'*"^ 
with epithelium. Tbey are usually placed perpendicularly 
to the sur&ce, and often very close together, and they 
constitute the chief substance of the mucous membrane in 
those parts where they abound, its apparent thicknen 
depending on the length of the tubes, which differs coU' 
sidenbly in different regions. The tubes opeu by one end 
on the surface ; the other eud in cloeod, aiid in either simple 
or loculated, or even cleft into two or more branches. The 
tubular folliclea are abundant in the stomach, in the smalt 
intestines, where they are comparatively short and known 
as the crypts of Lieberkilhn, and in the targe intestine. 
They exist also in conaidorable numbers in the mucous 
membrene of the uteru«. 

Saccular follide». — These are email cavities of a rounded SurciJor 
shape, found in various parts of the mucous membrane, but b'""'^ 
neither their structure, nor the nature or purpose of their 
secretion, has yet been sufficiently made out. Some of them 
are habitually closed, but are supposed to open occasionally 
to give issue to their secretions ; others probably have con- 
stantly open orifices. Examples of the former rarioty are 
found in the agminated and solitary glands of the intestines. 

3. SnwM eoTnpowui glands. — Under this head are here Comm 
comprehended minute but still true compound glands of S^nnau 
the vesiculur or racemose kind, with single branched ducts 
of various lengths, which open on different parts of the 
membrane. Numbers of these, yielding a mucous seci'e- 
tion, open into tho mouth and windpipe. They have the 
appearance of small solid bodies, o^en of a flattened len- 
ticntar fonn, but varying much both in shape and size, and 
placed at different iepths below the mucous membrane ou 
which their ductn open. The glanda of BruDUor, which 
form a dense layer in the commencing part of the duodenmn, 
are of this kind. 

Nena. — The mucous membranes are supphed with Kermoi 
nerves, and endowed with sensibility ; but the proportion ™JJ^J^ 
of nerves which they receive, as well as the degree of 
sensibility which they possess, differs very greatly in 
ilifferent parts. As to the mode of distribution and termi- 
notion of their nerves, there is nothing to be said beyond what 
has been already stated in treating of tho nerves in general. 
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tnrbiil fluid, of Tsriabli 
water, though eipevtornted 
in tblit liquid hy eolitngled ni 
■cope, it ii roODd to consint i 
nriooM kinda, lii., 1. Bpilhi 
tiou ; 2. Uncus corpuBclea, wb 
corpuscles of the blooJ 



lUf'hit heavier tlun 
II* » generally preveii1«d fiom einkiDg 
bubbles. Eiuniued vilh the micro- 
a fluid, contnining soiid partielM of 
nm pactJclei deUcbed by deaqamu- 
:h are bodies resembliug much the pal* 
^le>ted celk, with more or ten amplt 



TelojK, uid apparently in a state of tracBitioa ft-om tiie cuDdition if 
mucna coipuscleB to that of epithelium particlea. The Tisddity at 
mncns depends nn the liquid part, which containa in Bolution a pcenliir 
(labstaiiFe. aamnl by the chemieta munn. This ingredient U predtv- 
tatcd and the mucus rendered tnibid by the lujditjoa of wat«r cv t 
weak acid, but it may bs partly rediBSolTsd in an sxcess of water, asd 
completely ao in a atrong acid. This mucin is soluble in alkaliea, and 
its acid solutiuus are not precipitated by ferrocyanide of pataHoaiB. 
Little can, of courae, be oipected Froui a cbemicat analysis of a bat«n- 
geneoBs and iniieparablc miiture of solid partjcles with a liquid solntiaB, 
anch as we find in muens, which ia, moreover, subject to diflerenoea rf 
quality according tu the part of the mucous membrane whence h is 
derived. Biamlned thus in the groEa, however, the nasal mneni Lai 
been found to yield wal«r, mudu, alcohul-eitract with alkaline lac- 
tates, vater-tixtract with traces of albumeu and a pboepbate, oUorides 
of sodiimi and potassium, and soda. Fat hoe been obtained by aiutlyaia 
of pulmonary mucus, reputed healthy. 

Scgeneralion. — The n;pat»tory pronesB ia nclire in the mnoons 
mambianes. Breaches of continuity occasioned by slcnghiDg, nlcen- 
tion, or other cansea, readily heal. The itepa of the process ban 
been eiamined with moat care in the healing of ulcers of the large 
iutesliae, and in audi caaes it baa been found that the resulting Bea- 
trix becomes corered with epithelium, but that the tabular folliclE* an 
not reproduced. 



THE SKIN. 

Thb skia eanusta of tlie cutis vera or coriuiu, anil the Ci 
cuticle or epidermig. <=« 

The epidermis, cuticle, or tcarf akin, belongs to the class m 
of epithelial structurus, the genenl nature of which baa '''' 
l>een Already considered. It forma a protective covering 
over eveiy part of the true skiu, and is itiielf qiiit« iuaen- 
Hible and sou-vascular. The thickneas of the cuticle variw 
in different parts of the surface, measuring in some not 
more than Tjutb, aud iu others from ji^th to ^th of an 
iuch. It is thickest in the palms of the hands and soles of 
the feet, where the skin is much exposed to pressure, and 
it is not impmbable that this may serve to stimulate the 
•subjacent true skin to a more active formation of epidermis; 
but the difference does not depend solely on external causes, 
for it is well marked, even in the fcetua. 

Strueture. — The cuticle is made up of flattened cells Ej 
agglutinated together in many irregular layent. These cells ^' 
arise in a blastema, which is [wured out on the surfaoe of 
the true skin. They at first contain nuclei with soft and 
moist contents, and, by auccosaive formations beneath them, 
are gradually pushed to the free surface, become flattened 
in tiieir progress into thin irregular scales, for the most 
part lose their nuclei, and are at lost thrown off by desqua- 
matioii. KoUiker finds that the deepest cells are elongated 
in figore, and placed perpendicularly on the surface of the 
corium, like the particles of columnar epithelium ; these 
perpeudicular cells gonenilly form oue, but in some places 
two or thiiee strata ; above them are cells of a more rounded 
shape. As the cells change their form, they undergo 
chemical and physical changes in the nature of their con- 
tents ; for those in the deeper layers contain a soft, opaque, 
granular matter, soluble as well as their envelope, in acetic 
acid, whilst the superficial ones are transparent, dry, aud 
firm, and are not affected by that acid, It would seem as 
if their contents were converted into a homy matter, and 
that a portion of this substance is employed to cement 
them together. The more firm and transparent super- 
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ficial part of the epidermis maf be separated &oin tha 
deeper, softer, more opaque, aud ruceiillj - formed pari, 
which coiistitutes what is called the Malpigliiiui layer, or 

Many uf the cella of the cuticle contain pigment, and 
often give the membrane more or leaa of a tawny coloor, 
eves in the white races of mankind ; the blackness of the 
skin in the negro depends entirely on the culdde. The 
pigment is contaiued principally in the cells of the de^ 
layer or rete mucoftum, uid appears to fade as they approodi 
the surface, but STen the superficial [>art poasesaes a certain 
degree of colour. Mora special cletails reepet^lng the pig- 
ment have been already given (page Ixiix). 

The under or attached surface of the cuticle is numkled 
OD the adjoining surface of the corium, and, wheu aepanded 
by maceration or putrefaction, presents impressions coira- 
sponding exactly with the papillary or other eminences, and 
the fiuTows or depressions of the true skin ; the mon 
prominent inequalities of the latter are marked also on the 
outer sur&ce of the cuticle, but less accurately. Floe 
tubular prolongationa of the cuticle sink down into 
the ducts of the sweat glands, and are often partially 
drawn out from their rooesses when the cuticle is detached, 
appearing theu like threads proceeding from its under 
surface. 

,D Chemical tonpotilios. — Th« cnticls codsIiIb prlncipaltf of a ml- 
etaace peculiar to the epithelial and horny tJaanog, anJ named ter^m. 
This bomj matter is inaaluble in water at ordinary temperatDrea, oad 
insolnUe in alcoliuL It is sulable in the canstic alkalies. In cob- 
poaitiuD, it is analogDOS t4} tha albnnjinoiil principles, bnt with a some' 
what larger proportioa of oxygen^ like thtee, it cuntains attlphnr. 
UeudM kiratin, llie epidemiia yieldi, on ■nal)'si>, a ■nisll amount of 
(at, with salta, and tni« of the oxide* of iron and inauganesB. Tbt 
tissue of the cuticle readilj imbibes water, hj which it ie rtuideted 
Boft, thiok, and upaqoe, but it ipeedily driei again, and reoDver* it* 
luual characters. 

The tnu (tin, cvtli vera, (Jertna, or cortum, ia a sentient 
and vascnlar texture. It is covered and defended, as already 
explained, by the insensible and non-vssculor cuticle, and ia 
attached to the parts beneath by a layer of areolar tiasoe, 
named " subcutaneous," which, excepting in a few part*, 
contains fat, and has therefore been called also the " pan- 
nionlus ndiposns. " The connection is in many porta loose 
and movable, in others close and firm, as in the palniH 
■nrboe of the hand and the sole of the foot, where the aj 
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is fixed to the Bubj.ioent fascia by numeroui stout fibrous 
baciLt, th« spM« IwtWHBn being filled with a firm podJing of 
ffit. In fiome regions uf the body the akin 18 moved by 
Btriated muscular fibres, which may be uncouuected to fixed 
puis, as in the case of the orbicular muscle of the mouth, 
or m&y be attached bcDeatb to bones or fasciio, tike the 
other cutaneous nmscl<:a of the ftice and neckj and the short 
palmar muscle of the hand. 

atraclare. — The corium conaiats of a Jthro-vaiiurlar layfr Si 
which is supposed to be bounded nt the surfiioe next ™ 
the cuticle, by a Hue homogeneouB frtunnrnf mtmlrrane or 
mrmJrrana propria, like the oorrespondiug part of the 
muooua membrane. No such superfioial film can, it is 
true, be raised from the corium, but from its diatioct 
presence in snuUl ((land-ducts, which ore continuoue with 
the corium, and from the fuct that a thin homogeneous 
membrane lies between the commeDcing cutis and cuticle in 
the embryo, it is presumed that a limitary memhraue of this 
sort ought to be reckoned as an element of the corium, 
although, as in the analogous case of tlie mucous mem- 
brane, it cannot be shown to exist over the whole surince. 
The fibro-vaicular part is made up of an exceedingly strong 
aud tough framework of interlaced fibres, witJi blood-vessels 
aud lymphatics. The fibres are chiefly of the white T&riety, 
such us constitute the chief part of the fibruus and areolar 
tissues, and are arranged in stout interlacing bundles, 
except at and near the surface, where the texture of the 
coriom becomes very fine. With these are mixed yellow or 
elastic fibres, which vary in amount in different parts, but 
in all cases are present in much smaller proportion than 
the former kind. The iuterlaoenent becomes much closer 
und finer towards the iree surface of the corium, and there 
the fibres can be discovered only by teazing out the tissue. 
The most superficial layer is compcised of a transparent 
matrix, bouc^ueous, or nearly so, in which nuclei are 
embedded ; and, according to Mr. Huxley, such indications 
of lamination, as may be seen, are simply the commence- 
ment of the conversion of this tissue into areolar con- 
nective tissue. Towards the attitched surface, on the other 
hand, the texture becomes much more open, with larger and 
larger mesbea, in which clumps of fat and the small sudatory 
glands are lodged, aud thus the fibrous part of the skin 
more and more lax and more mixed with fat, 
I gT»dually with the subcutaueona areutur tissue to 
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vvhicb it is allied in elementaiy constitution. Plain muscnlu 
fibres are distributed m the tissue of the coriuni wherever 
hairs occur; and tlieir conuectiou with t!ie lattei' will be 
aftBrwardfi explaineii. Mueoiilar filirea of the same kind m 
found ia the subcutaneous tissue of the icrotum, penis, 
perineum, and areola of the nipple, as well as in the uippb 
itself. The bundles of these fibres join to form reticnlar 
Buperimposed layers, whiuh are separated from the parti 
beneath hy a stratum of simple lax areolar tissue, but 
towards the surface they are immediately applied to Uta 
corium. Tn the areola they ore disposed circularly, 
if In consequence of this gradual transition of the cotiM 
into the subjacent tissue, iiA thickness cannot be a 
with perfect precision. It ia generally siud to i ^ 

from a quarter of a line or less to nearly a line and a 
half, As a general rule, it is thicker ou the posterior 
aspect of the head, neck, and trunk, than in front ; And 
thicker on the outer than ou the inner side of the limb^ 
The corium, its well as the cuticle, ik remarkably thick on the 
ifoles of the feet and palms of the handH. The skiu of the 
female is thinner than that of the mole. 

For convenience of description it is not unusual to speak 
of the corium nx consisting of two layers, the "reticul&r" 
and "papillary." The former, the more deeply^seated, 
takes no part in the construction of the papilla), but 
contains in its meshes hair follicles, cutaneous glands, 
and fat. The latter is divided into papillte, and receives 
only the upper portion of the hair- follicles and glands, 
together with the terminal expansion of the vessels and 






' The free surface of the corium ia marked in 

with larger or smaller furrows, which also affect the bu] 
jaceot cuticle. The larger of then are seen opposite 
fleiurea of the joints, as those so well known in the palm of 
the hand and at the joints of the fingera. The finer furrows 
intersect each other at various angles, and may be seen 
almost all over the surface ; they are very conspicuous ou 
the back of the hands. These furrows arc not merely the 
consequeuco of the frequent folding of the skin by the action 
of muscles or the bonding of joints, for they exist in the 
fcetus. The wrinkles of old persons are of a dlfieretit 
nature, and are caused by the wastintj of the soft parts 
which the skin covers. Fine curvilinear ridges, with inter- 
Tening furrows, mark the akin of the palm and sole ; thou. 
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CCTANEOtIS PAPILLA. ecU 

are caused by rungoe of the papillje, to be itnmedintely 
ilescribed. 

fapittie. — TliB free Burface of the corium is baset with rapUlio. 
amoU envinenceB thus Dimteil, which Baem chiefly inteuded to 
coutribute to the pdrfuction of the skin as an organ of touch, 
seeing that they are highly developed where the senae of touch 
19 eiquifiite, and via: vend. Thoy Borre also to eitend the 
surface for the production of the cuticiilar tissue, and hence 
are large-sized aud numerous under the naU. The papillm 
are largo, and iu close array on the palm ajid palmar surface 
of the fingers, and on the corresponding parts of the foot 
(fig. 71'). There they are ranged iu lines forming the curri- 
linear ridges seen when the skin is 
still covered with its thick epidermis. Fig- 71'-* 

They are of a conical figure, rounded 
or blunt at the top, and sometimes 
cleft into two or more points, when 
they are named compound pupilhe. 
'ITiey are received into correspond- 
ing pits ou the under surface of 
the cuticle. In structure they re- 
semble the Buperlicial layer of the cutis 
generally, and consist of a homo- 
geneous tissue, presenting only faint 
truces of fibrillattou, together with a few fine elastic fibres. 
On the pahu, iiole, aud nipple, where they are mostly of 
tlie compound variety, they menauro from ijijth to yin*'' 
of an inch in height. In the ridn^s, the larger papiliw 
are placed sometimes in single but more commonly ia 
double rows, with smaller ones between them, that is, also 
on the ridges, for there are none iu the intervuniug grooves. 
These ridges are marked at short and tolerably regular 
intervals with notches, or short transverae furrows, iu each 
of which, about its middle, is the miiiut« funnel-shaped 
orifice of the duct of a sweat ghind (fig. 72'), In other 
[Mirts of the skin endowed with less sensibility, the papilhe 
are smaller, shorter, fewer in number, and irregularly 
scattered. On the face thoy are reduced to from ttbd^ 
to j-jfjth of an inch; and here they at parts disappear 
altogether, or are replaced by slightly elevated reticular 
ridges. In parts where they are naturally small, they 
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often becomo enlarged by cbranic mflammatton romd 
the margin, of aorea ojiU ulcers of long gtamling, and &re 
then much more conspiunoue. Fina blood- veBSCiLi enter the 
papillce, fonuing eithui Himple capUUry loops in eimh, vt 
dividing into two or more capillujr 
Fig. 72'.* bmnuheH, according to the uce of tbe 

papilln, which turn round in form of 
loops and return to the veins, Tba 
erves of the papillie will bo p» 
uitly couaidered along witli the taotila 
corpiiaclea. 

Btood-i'eiaels and lymphtttia. — TIw 
blood-vesgeU divide into bnmcfaiBB U 
the BuboutaneouH tissue, and, as thaf 
outer the skin, supply oapillAiy ploX' 
uiieii to the fat clumps, sweat gUodi^ 
and hair fullidee. They divide and 
anastomose still further as litej 
approach the surface, and at lengthy 
on rettching it, fonn a dense aetwoA 
of capillaries, with rounded pdy> 
gonal meshes, as previously loprosented in tig. 6G'. Fins 
branches are sent into tbo papiUra, as alreaily mentioned. 
The lymphatics are abundant in some parts of the skin, as 
on the scrotum and round the nipple ; whether they an 
equally so in all jrarts may be doubted. They form nut- 
works, which become finer aa they approach the surface, 
and oommuuicata underneath with straight vessels, and 
these, after a longer or a shorter course, join larger ones or 
ent«r lymphatic glands. 

Nemet. — Nerves are supplied in very different proportioas 
to different regions of the skin, and aeconling to the degree 
of sensibility. They pass upwards tuwards the papillary 
surface, where they foiTn plexuses, of which the meshes 
become closer as they approaoh the surface, and the ovn* 
stitueut branches finer, so that the latter come at last to 
cousist of only one or two primitive fibres. The fibres alao 
become more attenuated the further Ihoy jirocead toward! 
their fiiiaJ <t«atiiiation. In the finest and most superficial 
part of the plciup, the ultimate fibres, or at leant some of 
them, uiidergo actual division. In certain parts of tli« 




* Magnilipd view of a portion of tpidsmuB, ehowu 
canscd ti; the iMpilln besesth, with tbe short tnuiivcra 
tbs openings of the andoriferous duel*. (After Brrschet. 
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skin nerre-fibreii tonmnste in Faciniim bodies, db already 
described ; othere are Been to enter the papilLe, whore, 
□otvithatanding recent cnj«ful investigstioDB by aevenU able 
anatouUts, their ultim&te mode of diatributioii must atill be 
regarded an imeertuiii. Tha following is a BUiuiuiuy of the 
preaent state of the quextion : 

B. Wagner and Mcianer diitJDgnTih two kindi of papilUe, the Ncrva o 
nerrons &iiJ tlie Tucular; the Utur being (applied with bi-xid-Tes«e1s {"^piUu- 
bnt receiving no Dcrres. whilst eiiL-h of the former recsiTea one vt more 
nerre-Bbrea and tootftins one of the peculiar bmUes di*snered bj 
MeiHoer vtd named " UiCliie airpoKlea," corputeula taelAi. EBlliker Tmctllo o 
admit* that Bcme papillie which mnaii bIood-»«BMlB haTe no nerveo, P"*^'**- 
but ha denies thai aemjs ue supplied excluaiTdy to paiulhe which 

Pig, 73-. • 




B iMtils oorpnulsa, tuinUinisg that thej mar ^»> P*<* <"*» 
le whiob are destitute of sueb corpuscles. As to the natnre of tht 
"e uarpoieleB ; tJiej were reganled b; Wagner as a pecnliarlj 

' '. appaiatoa subsement to the sense of touch, and he described 



* n^illa from the skin of the hand, freed fnat the catiola and 
hibitiag the tactile corpuscles. Modified 350 diamelen. l. Simple 
'" (rilb foDT ni^ne-Gbrea and two terminal loops, a. Tactile cor- 
b. nerrea ; c, c. loops. b. Papilla treated «ith aeelde acid. 
i. Corticsd iajer with cells and fine elastic GlameBts ; b. tactile oor- 
pHola with transTctxe nacLei ; e, entering nerre with neoiilemma ; 
l> Derre-Gbres winding roood th« corpuscle, a. FapUls viewed from 
'" lastoappearas a cron section, a, oortical layer; fi. nerre- 
'. sheath of the taotile corpuscle containing nuclei ; d. central 
a of tha same. (Aftei KoUiker.) 
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(bem u oval'^ped bodies made up of saperimpoBiid saccular lamiia 
and comparable in Bypcatunce to a miniitture fir-cone. He also dcHiiM 
the Tierve<filirea of the papiUiF as terminatiiig in the corpuscle*, eitbo 
Biniplj or after diTiiioD into fine fiUmenU. Kiillilcer, od the (Mm 
hand, after a earefal eiamination of the anbjeet, i< ted to conclude Uial 
ths bodioH in queation are a not Tery imifortant modificalion of a AW- 
ton more or less couuuon to all the papillEe. He atalea that ia th 
papilla genui'ally the centre or aik coaei«U of a niare liamogcneoni 
oonneetiTe tlinue Uiaa the ouUr or cortical part, and is in maaj <aMa 
marked off from the latter by a sort of aheatb of elaatie tinue, tie 
wbich are diipoaed oircularlj, and he canceiT» that tkt 
tacUle corpoBcle* ore merel; a larietj of this general stnictnta, is 
vbich the elastic elementfi for the most part retain their primaij 
condition of fuBlfDrm nucleated celli citending into Gbraa and harin( 
elongated nuclei, Thcae elementa being ranged toriionlallj anraad 
tbe central clear anbBtance, in rather ctoee order, give rise to a defirad 
re of the pajiilla bavuiii a laminated and Sr-pone like 
aspect. Raepecting the diitribation of the nerre-fibrea KfilUker ilalw 
that for the movt part two, but aometim^ four, five or ux, or em 
oolr one, ma; enter a papilla ; that they run up in a waving ma^Mt 
to the tactile corpuscle, but do not penetrate into it, altbongh Ihq 
Bomedmes fonn two or three eoili round it. He is diaposed Id think 
that tbe nerTe-Bbree finally join together in loope, but bj no meam 
denies that some ma; end eingl;. 

Ckemifal eompoiiliim.—7he corinm being oompoBed chiefl; of white 
D fibrouB tiaaue, has a corresponding ehemical oompoaition. It ii, acooid- 
inglj, in a great measure, resoWed into gelatin b; boiling, and heoot, 
aleo, its inuTerBion into leather b; the tanning process. 

l>etdo)itnenl uf Ihi CiUU.^Tbe cutis consiats at Gist of cells which 
ma; in animoU he traced back to the first formatiTs cetts of the 
embryo. Many of theio become changed tuto connectire tiaaae ; othen 
into Tesnla and nerves ; aud a third portion Into Git-cells and elaalic 
fibrea. 

Progntiirt development takes place from within outwards, mo thai 
the pafulbe are formed latest : and the development cuoiists not <ml} 
in the produetioa of new cells, but in the growth of the elemenl* 
already deposited. 

The Culielc at first differs b no point from the cntja, bat ootuSmtt sf 
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the modes of production of new cells have not been aecanlelf 
delaimined; bat it appears probable lliat there may be m<>r« m|t 
than one, some of the cells being produced endogenous!;, Mnl otJbHS 
frotn &oe uucln upon tbe sar&ce of the mrium. 

Nailt Eiud Siiiri. — The naila aud hairs are gronilu of 
the Bpidemus, agreeing esBontially in nature with, that 
membmue ; their epidermic tissue is destitute of vMMlb 
and Dervefl, and aeparable from the cutis. 

Ifaili. — The posterior part of the aiul which is cofioealed 
in a groove of the skin is named its " root," the uncovered 
part is the " body," which torminHtea in front hy tbm 
" trf» edgu." A small portion of the nail near thi^ n^^H 
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lumed &om its ahspe the tvnula, is whiter thtin the rest. 
Thu appearance is dne partly to some degree of opacity of 
the BUbstance of the nail at this point and partly to the 
skin beueath being lass vaacular than in front 

Thd piut of the curium to 'which the noil is attached, and Unii 
by which in fact it is secreted or generated, is named the 
matrix. This portion of the skin is highly vascular and 
thickly covered with large vasculur papillce. Posteriorly 
the matrix is bounded by a crescentio groove or fold, deep 
in the middle but getting abaliowec at the sides, which 
lodges the root of the lutiL The small lighter-coloured 
part of the matrix next the groove and correspondiiig with 
the lunula of the nail, is covered with papillie having no 
regular arrangement, but the whole remaining surface of the 
matrix situated in front of this, and supporting the body of 
the noil, is marked with longitudinal and v«ry slightly- 
diverging ridges formed by rows of papillie. The cuticle, 
advancing £rom the back of the finger, becomes attached to 
the upper surface of the naii near its posterior edge, that is, 
all round the margin of the groove in which the sail is 
lodged 1 in front the cuticle of the point of the finger 
becomes continuous with the under surface of the nail a 
little way behind its free edge. 

The nail, like the cuticle, is made up of scaloH derived ^tm 

bam flattened cells. The oldest and most superficial of 

these are the broadest and hardest, hut at the same time 

very thin and irregular, and so intimately and confusedly 

, OonuBcted together that their renpective limits ore scarcely 

V discernible. But the youngest cells, which are thoso 

lated at the root and under surface, are softer and of a 

or polygonal shape, and xtill retain their nuclei 

I deepest layer differs somewhat from the others, in 

kiving its cells elongated, and arranged perpendicularly. 

'll chemical composition the nails resemble epiderraia ; hut, 

ecording to Mulder, they contain a somewhat larger pro- 

iion of carbon and sulphur. 

The growth of the nail is effected by a constant generation Mod 

■tf cells at the root and under surface. Each successive f^' 

W series of these cells being followed and pushed from their 

f original place by others, lose their nuclei, and become 

l ftrttened into dry, hard, and inseparably coherent scales. 

LSy the addition of new cells at the posterior edge the nail 

k made to advance, and by the apposition of similar particles 

B its under sur&ce it is maintained of due thickness. The 
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nail being thna merely au eiubcront part of the epidennia, 
the queatiun irhethur tliut mombr^rie is continued uiiderueath 
it loses ita significance. When a nail is throvm off by snp- 
' piimtian, or pulled away by violence, a new one ia produced 
itt its place, provided the matrix remains. 

fain. — A hair oonsista of the root, which is fixed in the 
akin, the shaft or Btem, and the point. The litm ia gene- 
rally cylin^lricol, but often more or losa Sattoncd, aometitnec 
it is grooved along one side, and therefore ruuiform in a 
cross section : when the hair is entire it becomes gradually 
Bmjiller towards the point. The length and thickness vary 
greatly in dilTerciit individiials and races of mankind as well 
as in different regions of the body. Light-culoured hair is 
usually finer than block. 

Tho stem is covered with a coating of finely-imbricated 
Bcalfls, the projecting serrated edges of which give rise to a 
series of fine waved transverse lines, which may bo seen 
with the microscope on the surface of tbo hair. Within thia 
scaly covering is a JibroMt fiihataTiff which in all cases oon- 
stitutes the chief part and often the whole of the stem ; but 
in many hairs the axis is occupied by a substance of a 
different nature, called the medulln or pilh, for which reason 
the surroimding fibrous part is often named "cortical," 
although this term is more properly applied to the supvr^cial 
oC coating of scales abovenieutioued. The fibrous subataaee 
' is tnuisluctiut, with short lougitudioal opaque Ntreaks of 
darker colour intermixed. It may be broken up into 
straight, rigid, longitudinal fibres, which, when sepaiSited, 
are found to be Battened, broad in the middle, where they 
measure j^'^gth of an inch in breadth, and pointed at each 
end, with dark and rough edgea. These fibres may be 
resolved into flattened cells of a fusiform outUne ; they are 
mostly transparent, or marked with only a few dark specks. 
The colour of the fibrons substance is caused by oblong 
patches of pigment-granules, and generally diffuae<l colouring 
matter of less intensity. Very Blunder elongated nuclei are 
also discovered by means of reagents, whilat specks or marks 
of another desoriptiou iu the fibrous substance are occaaioaed 
by minute irregularly-shaped citvities containing air. Tbeae 
air-laounules are best seen in white hairs, in which there u no 
risk of deception from pigment-specks. Viewed by traoa- 
mitted light they are dark, but brilliantly white by reflected 
light. When a white hair has been boiled in water. 



ether, or oil uf turpentine, these cavities beco 



! filled V 
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fluid, and ore then quite peliucid ; but when a lioir wliich 
has been thus treated is dried, the air quickly Rnda its way 
again iuto the lacuna!, and they resume their origiiuJ aspect. 

The medulla or pith, m already remarked, does not exist Mudulli. 
in all biUTK. It is wanting in the fine hairs over the general 
sui'face of the body, and is not commoidy met with in thoiie 
of the head. When present it occupies the centre of the 
shaft and ceases toirards the point. It is more opaque and 
deeper-coloiawl than the flbruna part ; in the white hairs of 
quadrupeds it is opaque and white. It seems to be com- 
posed of little cltunps or clusters of cells, differing in shape, 
bat generally angular, and containing minute particles, some 
resembling pigment granultw, and others like very fine fat 
grsuules, but really for the most part air*particles. The 
nholo forms a continuous dork ma« along the middle of 
the stem, interrupted nt parts for a greater or less extent. 
lu the latter case, the axis of the stem at the iutorruptiona 
may be fibrous like the aurronnding parts, or these intervals 
may be occupied by a clear, colourless matter ; and, according 
to Henle, Bome tuura preseiit the appearance of a sort of 
canal running along the axis and filled in certain parts with 
^iipoque granular matter, and in others with a homogeneous 

^■tTBnsporeut substance. 

^ The fooi of the hair is lighter in colour and softer than 
iSe stem. ; it sweUs out at its lower end into a bulbous 
enlargement or knob, and Li recoived iuto a rucess of the 
akin named the hnir foitide, which, wheu the hair is of con- iialrfuUlcl 
siderable size, reaches down into the subcutaneous fat. The 
follicle, which receives near its month the opening ducts of 
one or more sebaceous glands, is somewhat dilated at the 
bottom, to correspond with the bulging of the root ; it 
consists of an outer coat continuous with the corium (fig. 
73', d, d), and an epidermic lining (b, c), continuous with rmnaia as 
the ciitiole. The outer or dermic coat is thin but firm, and "f^^^p 
consist* of three layers. The most external is formed of offomda. 
areolar tissue, without any elastic fibres, but with numerous 
long fusiform nuclei. It is highly vosouhir, oud possesses 
nervous fibrils. It is the thickest of the three strata, and 
determiues the form of the follicle. The most internal layer 
is a transparent, structureless membrane, in which neither 
acids nor alkalis bring out nuclei or cells ; it corresponds 
with the membraua propria or basement membrane of 
analogous structures. Between the two is a delicate layer 
Aomposcd of circular fibres, and extending from the base of 




the follicle aa high an the entmace of the sebaceous ghuida. 
It contaiiiB neither veSEu^ls iior nerves ; and its fibres 
resemble, in the poHBeasion of elongated nuclei, those of plain 
muscular tissue, but their real nature is doubtfuL ITw 
epidermic lining iidheres closely to the root of the hair, uid 
commonly separates, in great part, trota the follicle, and 
abides bj the hair, when the latter is pulled out ; hence it 
is sometimes named the "root-sheath." It consists of an 
outer, softer, and more oimque stmtum (fig. 73', c, c), next 




the dennia coat of the follicle, and an internal i 
parent layer (6, 6) neit the hair, Tlie former a _ _ 
with the deeper and more recent layer of the cutide bt 
general, and contains blastema, with nuclei, and growing 
cells, which at the lower part pass continuously into those 
of the hair-knob ; the latter represents the Bupcrficial Attd 
more mature pirt of the cuticle, and consist of oblong 
fiftttened cells, taajij of theu with nuclei, and l3ri&g two 
or three deep. This innermost layer, when detached, 

* Magnified *iev of th« mot of a tuiir (after Kohlr&iuchl. a, Slon 
or ibaa of hair cat MroSB. b, Inner, and c, enter lajcr of the e{d- 
dermic lining of the hair rollicle, called alsn the root-ibeath. d. Dermic 
orsitemal coat oC the hair follicle, shixm in part, e, Imbriea ted 
scalmi about to form ■ cortical lajer on the anrfaco of the balr. 
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exhibits impreeDions of ctohs lines on its surface, corre- 
sponding with those of the imb^i(^ated scaly coating of the 
hair, aeit which it lies. Between the two layers of the 
cuticular lining here described is intorposed a lamina, 
having the charactars of fenestrated membrane, being 
trauHparent and homogeueous, and perforated with round, 
ovn), Hcd irregularly-shaped holes ; althoU|;h some anatonusts 
maintain that the structiu^ in question is merely a layer of 
somewhat flatkued cells, without nuclei, in whioh perfora- 
tions are produced by accidental laceration. 

The soft bulbous enlargement of the root of the hair b 
attached by its base to the bottom of the follicle, and at the biitiom' 
cjrcumference of this attached part it is continuous with the 
epidermic lining ; at the bottom of the follicle it, iu fact, 
takes the place of the epidermis, of which it is a growth or 
extension, and this part of the follicle is the true matrix 
of the tinir , being, in reality, a part of the curium (though 
sunk below the general siirface), which supplies nmteriol for 
the production of the hair. This productive part of the 
follicle is, accordingly, remarkably vascular ; in the large 
tactile hairs on the snout of the seal and some other animals, 
it is raised in form of a, conical vascular papilla or pulp, 
which fits into a corresponding excaration of the hair root, 
and Kolliker states that a similar atnioturo exists in the 
hairs generally, both small and large, of man as well as 
quadrupeds. He describes the papilla as bein); commonly 
of an ovoid shape and attached to the bottom of the follicle 
by a narrow base, or a, sort of pedicle (figs. 76' and 77', h). 
Nervous branches of considerable size enter the follicles of 
the large tactile hairs referred to, and ore probably distri- 
buted to the papillffi, though of course not to the epidermic 
substance of the hairs ; the pain occasioned fay pulling the 
hair would seem to suggest that the human hair-follicles 
are not unprorided with nerves. 

Muscular fibres are connected with the hair-folUcles. Their 
mode of attachment is described by Kiilliker and Lister to 
be the following : they arise from the most superficial part 
of the corium, and pass down obliquely to be inserted into the 
outside of the follicle immediately below the sebaceous glands. 
W Vwy are placed on the side to which the hair slopes, so that 
Ir action in elevating the hair is evident,* 
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Growth of hair. — On tha Burfaes of the papilla or vascnlsr 
matrix, at the bottom of the follicle, blastema is tbrown 
out, in which nucleitt«d cbHh arise. The cells for the tiioct 
port leogtbeD out and imite into the flattened fibres vhicb 
compose the fibrous part of the hair, and certain of them, pre- 
Tioiisly getting filled irith pigment, give rise to the coloured 
streaks in th&t tismo ; their nuclei, at first, al»o lengthen 
in the snme manner, but, at last, partly become indistinct. 
The cells next the circuntferonce expand into the scales 
which form the imbricated cortical layer (fig. 73', e, t). 
The Biedulla, where it exists, is formed by the calls nearest 
the centre ; these retain their primitive fitptre longer th&n the 
rest ; they become coherent, and their cavities may ooaletoe 
together liy destruction of their mutually adherent parintec, 
whilst collections of pigment granules mnke their appeanuM 
in them and around their nnclei, forming an opaque mass, 
which occupies the axis of the hair. 

The epidermic substance of the hair, like the cuticle itaelf, 
is quite extra vascular, but, like that structure also, H m 
organised and subject to internal oi^anio changes. Thus, in 
tha progress of its growth, the cellx change their figure, asd 
acquire greater consistency. In consequence of their 
elongation, tha hair, bulbous at the commanoement, 
becomes reduced in diameter and cylindrical aboT«. Bol 
it cauiot be said to what precise distance from the rwI 
organic changes may extend. Some have imagined tiial 
the haira are slowly penneated by a fluid, from the root te 
the point, but this has not I)een proved. The niddaa 
change of the oolour of the hair from dark to grey, 
which sometimes happens, has never been Baliahctorilj 
explained. 

g DntU^mfnt of Iht hair t» the /oHui. — Anwriliiig lo Vnlvntiii, lh» 
rn<liineiita of the hurt mn; be diioavercd at th» end of the IhinI or 

'* twgitiuitig of tha faurth month of intra- gterino life, ai littl« black ipedu 
bai«ath the cuticle. Kallikcr itat«a that the; at first appaa sa IJItlB 
pits in the enriam (fig. 7i'). BU«d with cells of preeiselj (he name iiattti* 
M thoBe of the Midpighiaii or nncom la^er of the caticle, with 
which thej are continnoag ; so tlmt it might correctly be mid, that 
the hair nidimentB are farmed of processes of the mucous Infer, whidi 
sink down into the oorium. A hamogemraua limiting memfaiMM 
next appears 1%. 74', t,), ioeloUDg the oollection of cells, aod eon- 
tinaoDB above with ■ limilu- limple film whtoh at this lime Um 
betweea the eaticle and the cerium. The hair mdiments next leagthaa 
and swell out at the bottom, so at lo assume a flask -ahspe <fig. 7G'). 
Cells are deponted outside the limilar; membrane, which are eventa- 
sIIt coUTerteii tutu or give place to fibres ; aud thus the dennio coats 
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of ihe toUicIe *ra prodaerd. While thu ii going on ouUiile, the 
ceUa wiihiq tbe foUide undergo cbuigen. Thorn in tlw middle 
Isogtlieii out eanfoniublr with the luu of the folliule, and give riae 




lo tbe njijKamice of n ehort conical miniatore hair, faintl; din tji gn l uli- 
»hle by liliTerence of shsde from the sajrouuding niaM of oeUs, which 
ue also Eligbtlj etoDgnted. but anton the direction of the follicle. The 
pspiUa 'fig. 7E' and 76', h) maktii its appeiinuire st the swollen root 
of the little hair ; and the residuat; wlli contaiued urithia the rudi- 
menlATj follicle form the root alieath, the inner lajer of vhich, lying 
neirt to the h^r (lig. 78', d'), ia goon diatinguished by ita tranalnceucj 
from the more opaiiue outer layer that filla up the rest of the cavity. 
The young hair contiiinioB to grow, at last perfoiatea Ote onBcIe, 
(Gg. 77, 17), other dirertly, or after firat alanting up for aome way 
tketwesD the nnKnue and homy atnta ; and Eolliker thialu that, in the 
former cue it may perhaps bo aided in ita progreis by the hard inner 
layer of the root ihaith which appean to loiike wny for it through the 
cuticle. The yonng hair ia often beiit like n whip, and then th» 
doubled part protrudes. 

The fint hain produced constitute tbe lativjfO ,- their eruption takes 
place about the GfUi month of intni-nl«rine hfe, but many of them are 
abed before birth, and are found Boating in the liquor amuii. Kblliker 
affinna that the infantile hnira are entirely shed and renewed wilhin ■ 
fewmonthe afterbirth; those of the genstal surface ftrat, and afterwards 
the hairs of the eyebrowa and head, whichheGndiinproceuofcliangein 
infanta about a year old. The new hairs are generated in the fblUclea JJ^'^^r 
of the old. An increased growth of cella takes place in the soft hair- arter 
knob, and in the aitjoining part of tbe root abenUi (the outer layer) ; BhediUiig : 
the graving maaa prolmdea or leogthena but tbe lower end of the hair 
follicle^ at the bottom of which is found tbe generative papilla, now, by 
the interpoaition of the new celi-growth, withdrawn from the root of 
the hair. The uewly-formed masa of cella, occupying tbe lower or 
prolonged part of the follicle, and resting on the papilla, is gradually 
couTcrtfd into a new hatr with ita root aheath, juit afi in the primitive 
prooM of formation in tbe embryo ; and as the new hair lengthens and 
emerges from the follicle, the old one, detached from its matrix, ii 

* Hair rudiment from an embryo of aii weeka, magnlflod 860 
diameters. — a. Horny and b, mnooua or Malpighian layer of cnticle. 
i. Umitory membrane, tn. Cells, aome of which are asauming an 
' SUong fignre, which chiefly fbnn the fotuit hair. (After Eiilliker,} 
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is pulleil nnt, & new ona grovi In ita pUre, proTided the follida (ftoi 
which the growth proceeds} remaiua eatire. HeiuiiitKr, irho ei|Wh 
meutnlly itndi«d the proceea iu the large hairs aitiuted on the lipi <i 
the dog, foiuid that n new bur apiwarcd above the mrface in k lit 
dajs itner the Bfulsion or the elil eue, and atuined its fall mm !■ 
ftboot three wecka. 

DUtribvlion and arrangemenl. — Hsira ire found on tX\ parlH of Ik 

' alcia except the palma of the hajida and solo of tlie feet, the donil 

Bnrfaee of the thiid phulanges of the fingere and toee, the appw (m- 

lidi, the gUoi, and the iuner mriaee of the |)repuce. Tbey m 

the moat part grouped togetheT, and not placed at equal d' 



* Budiment of a hair of the ejebrow migniGed SO diAmet«t& Hi 
oelli form ui intenuil cone indicating the poution of the future hair. — 
a. Horn; lafer of cntide. b, Hneona layer, c. Eitenial Ujn 
of root sheath, i. Limitftry membnaa. k. PupilU. (After Kiillikv.) 

f Hair rudiment measuring 0'S2 of aline, from lite ejebroir witlitlM 
jouDg hair not yet risen through the cnticle. a, b,c, h, i, xa in fig. 7i. 
c. BuT-knoh. /. Stem, and g, point of the hAir. d. Interoal la^ 
of the root aheath, still incloeing the hair, n, n. Coomieodns teba- 
ONU folliolee. {After KnlUker.) 

t B«ir follicle from the eyehrotr with the hair jnst erupted; llu 
mB*r Ujrer of the root aheath riK> la the mouth uf the hair foUidcu 
The lettoM denote the same parUi as in fig. 76'. (After Kulliker.) 



GLANDS OP THE SKIN. 

Bitept thoM of the ejelsabes, which u 
lb« suHace, they haie nsunlly a sUuit 
fully ooDiUnt Id tbe nuue parts. * 

Chanieal nnfim. — The chemicBl Mmpcnitioa of hair hiu b«ii ioTeati- Chamlcil 
i:ated prindpallj by Vauqnelin, Scherer, and Van Uer, When treated ewupo^tion 
»[th boiling sh»hol, and wiUi ether, it yielili a ccituD amnont of 
iijlj lat eoniiittng of margariD, margaiU aeid, and oleio, which is 
red or dark cnlnored, according to the tint of the hair. The animal 
matter of the bur thas freed &om lat, is aappoeed to consst of a anb- 
atanc« yielding gelatin, and a protein ooiupound containing a large firo- 
portioD of lulphDi. It is Insoluble In water, unteiss by long boiling 
Qoder pressnm, b; which it lb reduced ioto a viiicjd masa. It rouiily 
and eampletel}- diasolres in cauMif alhalieH. By calcination hair yields 
from 1 to 1 1 per wot. of ashei, which consiit of tbe following ingre- 
dienu, via., peroxide of iron, and according to VsaqneliB, traces of 
manganese, lUica, chlorides of aodioni and potassium, sulphates of lime 
aod magnesia, and pbciBphate of lime. With tbe exception of the 
bonCB and teeth, no tissue of the body withstaDds decay i^er deatJi «o 
long as the bair, aod keaw it ia oftoi fuaod preserved in supnlchres, 
when nuthing else remsiue but the skolstou. 

Qlanda »/ the tkia. — These are of two kinds, the sweat 
glands, an') the sebaceous, which yield a fatty secretion. 

TKt ttidoriftroMi ylaiirfj or Mceaf-f/faiwis, — TheM are seated ^J**^' 
on the under surface of the ooiium, and at variable depths 
in the subcutaneous adipose tissue. They have the apjiear- 
anco of BHiall round reddiidi bodies, each of which, wheu 
examined with tlie micro«CDpe, in found to consiat of a flue 
tube, coiled up into a, ball (though sometimes forming on 
irregular or fiatt«ned figure), from which the tube is con- 
tiuued, nil the duct of the gland, upwards through the true gwcut-duci 
skin and cuticle, and opens on the siuface by a slightly 
widened orifice. The duct, as it posai^s through tbe 
epidermis, is twisted like a corkscrew, that is, in parts 
where the epidermis is suffitoently thick to give room for 
this ; lower down it vt but slightly curved (fig. 78'). Some- 
timea the duct is fonned of two coileil-up branches, which 
Join at a short distance from the gland, as happens to be 
the case in the specimen repreeent«d in the figure. The tube, 
both in tho gland and where it forms the excretory duct, 
oonsists of an outer coat, continuous with the coriunt, and 
reaching no higher than the surface of tho true skin, and 
an epithelial lining, continuous with the epidermis, which 
alone forms the twisted part of the duct. The outer, dermic 
or fibrous, coat is formed by fine fibres of areolar tissue. 

* The direction of tho baira in different parts ia well eeen in the 
aew'bom iahint. h» so observed, it has heen described and repie- 
^euted in Oguioi, bj Eschenoht. MQllei'sArchiv., 1S3T. 



THE SCDORIPEROtrS GLANDS. 

Kdlliker has failed to discover a bHsemeat membrane, M 
least iu gbuids folly developed ; on the other haud, be ht» 
found that the liuger gland-ducts in the nxilla, at the not 
of the penis, on the labia tn&jom, and m 
Pig. T6'.* the Deighboorhood of the anua, oontaiB 

between their fibrous and epithelial eottt 
a layer of non-stmt«d muscular Gbre*, 
arranged longitudiually. He obevTM 
also, that in the larger glands the dOBt it 
r^irelj simple, being more nsually parted 
liy i-upoatcd dicliotomous division into 
~' ^ < I .ii brunches, which before ending 
L:1^<' oif short cteeal procemea; in nn 
u'L.-"'.* the bninches Anastomose. Oo 
cai'efully detachiiig the cuticle from tlw 
true skin, afler its connection baa beea 
lowened by putrefaction, it umiallf 
happens that the cuticular lining* of tb 
BWeat-ilucts get separated from thair in- 
terior to a certain depth, and are dram 
out in form of abort threads attached U 
the under surface of the epidennii. 
Each little sweat-gland is supplied with R 
dense cluster of capillary blood-veaaela. 

r Themntn/iof thosmallcriwest-glanilB aieduid, witlioutanjfbrBid 
eleinenti ; but iu ths lai^r svsBt-gloDds of the wulla the eont«nkili* 
semi-fluid, and aboDiid in £ne pale gnuiulcs anil nuclei; or tfacjH* 
eilremel; risdiJ with s Tar7ing qnantity uf large, opaiiue, colonrin^ 
or fellow grannlea, with nuclei nod cells, similar to epitheliiuii edk 
KsUiker ttates that Croin the nature ot their contents tbeaa larftT 
glacdi miglit be separated into a distinct f^np frmu the otdinllT 
■west-glands, were it not for the presenoe of tnuisitioual finaa. 

8wcat-gliuidi exist in all regions of the skin, oniJ att«mpla hai« 
been made lo iletermiae their rclatiTe amount is different pattt, At 
thrj are not equally abundant everywhere ; but while it a easf IS 
count their nnmben in a giren ipoce oo the palm and sole, the mint- 
tical proportion ssogned to them in mnat other regions must be taka 
with considerable allowance. According tn Kmuse, nssrlj 2800 gpM 
OD a aqnare Inch of the palm of the baud, and aomewhat fever on ts 
equal extent of the sole of the foot. He assigns rather uinrr ihaa hilt 
this namlwr to a square inch on the back of the hand, and not qoik 
so luanr to an equal portion of inriaee on the forehead, and the trM 




• Magnified view of a sweat-glaad with its duct (sfttir Wagnart. 
a. The gland ■urronnJed by vesicles of adipose tissue. 6. The doet 
passing through the corium. c. lu continuation through t] 
and d tbrungh the upper part of the ciiidermiB. 
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THEIE COKTKKTS ASD DEVBLOPMENT. eoUxri 

and odea of the neck ; tfaea comi Lbe bmast, ftlnlomun, uid rors-iu'm, 
■here he reokoDH abaat 1100 to the inch, mdcI lastly, the lower linjbi 
and the back part of the neck luid tmok, oa which the munber 'm lbs 
sune apace is not mure Uiao from 400 to 600. 

The aitu of the aweat-glauda alio variea. Aroording to the Dbaener 8i» didcn. 
laM nam«l, the average diameter of the muud-ahaiied ones is abuut 
one-iiith of a line ; bat in ■ome parts the; are larger than this, ai fur 
euunple, in the groin, but especial); Jo the axilla. In this last uto- 
ation Kiaiue found the greater nomher la meaanre from one-third uf a 
lina to a line, and aame nearly two lioea in diameter. 

The dtrtlopBienl of the sveat-glauda has been carefnlly atudied hy Devslap- 
KoUiker. Be slaUs tJiat their rudimenla, whan Gnt discoverable in ment of 
the embryo, hare much the aame appearance as th<>se of the hair, fw^ 
and, in like manner, ronmst of praceasei of the macona layer of the 
epidormia, ohich paai doirn and are recdved into oarreeponding reoenes 
of the oorinm. They are formed thronghont of eella coUeoted into a 
Bolid maai of an elongated-pyriform, or rather einb shape, oontinnom 
by its mnall end with the soft layer of the cuUcle, and elsewhere 
sntTOaaded by a homogeneaus linuting ineiubrane, which is prolonged 
aboie between the coriom and cuticle. The edbsequeDt changes consist 
ill the elongation of the mdimealary gland, the formation of a cavity 
along iU axis — at £rat withont an outlet — the prolongation of ite canal 
through the epidermis to upen on the surface, and, in the mean time, 
the coiling'up of the gradually lengthening gland-tube into ■ compact 
ball, and the twisting of tlie excretory duct as it proceeds to the orifice. 
The original homogeueous meinhrane of the dud becomes thickened 
and ii oonlinnuus with the surface of the corimn, whilst an epithelinm 
appears within, nmaisting of aereral Uyen of polygonal or rounded 
cell*. The eeruminons glands in the auditory pasaa^ are known to 
oonsiat of a tube coiled into a rouDded or oval ball, like the sweat- 
glands 1 and the investigations of Professor Killliker show such a further 
(.■omepoudenee between the two, in atructure and mode of development, 
aa to lead bim to regard the cemminous glauds as a mere lo<al variety 
of the Bodoriftmua, wliiuh, as above noUenl , present specialities both uf 
Btruetore and secretiun in particular regions of the buily. 

TTie Mftacoous glaTuls pour out their secretion at the roots SebiKuius 
of the h&ira, for, with very few isolated exceptioua, they open f'*"^^ 
into the hair follicles, and are found wherever there arc 
hairh Each han a smiUl duct, which opens at a short dia- 
tiuico within the mouth of the hair follide, and, by its other 
eud, leads to a cluster of small rounded secreting saccules, 
which, as well as the duct, are lineil by epithelium, and 
usually chargisd with the fiitty secrotiim, mixed with 
detached epithelium particles. The number of saocular 
recesses connected with the duct usually varies from four or 
five to tweaty ; it may be reduced to two or three, la very 
email glands, or even to one, but this is rare. These glands 
are lodged in the substance of the corium, Several may 
open into the sauie hair follicle, surrounding it on all sideS] 
imd their size is not regiilated by the magnitude of the 
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hair. Thiu, some of the largest are oonnected witli Ute fiM 
downy haire on the alie of the nose imd other parts of tlw 
face, and there they ofteii become unduly diarged vith 
peut-u|i secretion.* ' 

DiatlapmealafllLe ttbaeeoui glandi. — Accotding to Professor KolUkit 
tJio radimenU of tho ^l>a4:eouR glaodH sproai like little bad! Ixom liw 
wim of the hair follicles, and are at Brst, in (ajA, excresoeonA itf tki 
eTlcrnal ormucnas ]a,jeio{ thsroot bheatb (ig, 7^', », »)■ aadanciCK- 
posod enlirely of nuclfiiteil cells. Each little pructn aoon mbobh ■ 
flaak shape and la at Srst Bolld ; liut in doe time a groap of odk a«- 
tuning fat particlcB appean in Ha centre, and gradually txleaiM iMt 
along the axis of the pedicle until it penetrateA through theront »hfl^ 
and the fat oella thus eicape into the oavit; uf the hair fidlid^ ud 
ooDBtitote the fint eecretioD of Ibe sebaceoiu gland. Tbej are hkb 
snoceeded by others of the same kind, and Ibe little gland is eatabhibad 
in ite office. Additional eaeculea and receswi, hj which the oiigiullf 
aimple cavity of bhe gland is comphcaled, are formed by huddukg-«al 
of ita e[Hthelium, oa the firet -waa produced from the epithelia] n* 
sheath, and are excavated in a similar manner. 

It woald thus appear that the rodimente of the hair fbllielea, Bimt- 
gUmds aod sebaceoDB gtanda, are all derived from the Bame seont. 
The; alt originally appear aa solid bndlike excrescenoeB of Uie loft 
Malpighianor mucouB layer of the epidennia, fortheoaterstiatiuiioftht 
root eheath miut be regarded aa such ; thtsc gruw down into the ooHnffl, 
in which reeessea arc fiirTned to receive them, and which, of conm 
yields the material required both for the {oodnction of new edb 
for their further grovth and for the maiateoonce of their aeinttiiit 

Fitnctiont and rilal properfia of the tkin. — The akin forma a 
general external tegument to the body, dsBning the surface, and wwi!m 
into relation with (tireign matters eitem&Uy, as the mucona uembaiM^ 
with Khich it is ooutinuous and in many re8i>e<!ta analogous. do« ioMc- 
Dally. It ia also a vaat omunctory. hy nhich a hu^ amount of fliij 
is eliminated from the aystem, in this also lescmbling cortain paila of 
ILe mncona membrane. Under certain conditjons, mDreurer, i% pec- 
Fonna the office of an absorbing surface, but this fonction ia gi^lll 
reatricled by the epidennia. Throughout its whole entcnt the akjo O 
endowed withforfiVe lemibiliiti, hut in very different degrees in difCavl 
parts. On the skin of the palm and fingera, which is lariiely si^ipliai 
with nerves and fumiahed with numerciua prominent papilht, the tmm 
attuns a high degree of acuteness ; and this endowment, together nth 
other oonformable arrangemeDta and odaplations, invesla the hoaat 
hand with the character of a special organ of touch. A certain Uion^ 
low degree of vital contractility, depending doubtless on the nnucnlar 
fibres in ita tissue, also belongs to the akin. This shows itself in tlM 



' A few years ago it waa discovered by Dr. Onstarus Simon, that 
bhv sebaoeouB and hair follicles were infested by a worm, which fag has 
described aod delineated in MilUer's Arohiv. for 181:2. Since Iheo, 
further interentin^ details rcapecting this curtonsparasite, with ohao- 
Titions on its development, have been uontribnted by illr. B. WilaHs. 
Pbil. Trans. ISll. 
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general Bbnaking of tlis bIud csilwd by luked cxpoaore to cold uid b; 
cerUio laeDla! emotloDS, and prodncmg the state or th« earfaoe named 
"cDtia knuriaa," la which the maicDlnr GbieH protrude the hair 
follicles with which thej are eonnected, whilit thej retract or depreaa 
th« inlermediaU) cDtuieoiu tinue ) uul thii oouditiun of the skin nu^r 
be (irodaced locallj by the etectriu BtimuluB applied b<r mc&iis of the 
migneto-diictrie appamtns. Tha erection of the nipple a prol«bl; 
also dne to contractility. The Krotnin, oa ia well kncwu, becomci 
obrinoiily atrunfc and cormgnled bj the application of colil or mscha- 
nicol icritatioa to ita nur&ce ; bat in this case the contractioa tnkfn 
place in the mbcutaneoiu tisane, and the skin is puckered. 

JltprodHclion afikia. — When a considerable portion of the skin is trg 
lost, the breach ia repaired partly by a drawing inwards of the adjoining """ 
akin, and partly by the fonoaliun of a dense Usaue, less taamilir than 
ths nataral eorium. oiid in which, so far as I know, hoiri and glands 
ore not reproduced, no that some deny that the cutuieaus tiaiue is 
regenerated. Still the new part beoumn coTered with epidermis, and 
its substance sufficiently resembles ttuit of the corium to warrant its 
being cmujdered as cnloneons tissue regenerated in a simple form. I 
may add, that in small breaches of eonl^nity from onta inflieted in 
early life, the uniting part sometimes aetjuims farrows similar to those 
of the oiljoiulag sarface. 

SECRETING GLANDS. 

The term gland has been applied to various objects, Ten 
diffenng widely from each other in nature and office, but S»"* 
the organs of wbich it is proposed to consider generally the 
structure, in the present chapter, are those devoted to the 
function of secretion. 

By secretion is meant a process in an organised body, by Sccration, 
which vanoos matters, derived from the solids or fluids of " " 
the organism, are coUectiid and discharged at particular 
ports, in order to bo further employed for special purposes 
in the economy, or to be simply eliminated as redundant 
material or waste products. Of the former coae, the uliva 
and gastric juice, and of the latter, which by way of dis- 
tinction ia often called " eicretiou," the urine and sweat 
may be token as exompleB. 

Secretion in veij closely allied to nutrittoD. In the one Nuiritivf 
prooeaa, as in the other, materials are selected from the "^^ *" 
jjcnstal mass of blood and appropriated by solid textures ; 
but in the function of nutrition or assimilation, the appro- 
priated matter is destined, for o time, to constitute part of 
the texture or ot^n, whereas in secretion it is immediately 
discharged at a free surface. The resemblance ia most 
striking iu those cQ»es in which the waste particlus of the 
nmu'Libed are shed or cost off at its Burfuce, as iu 
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the cuticle and other epithelial tissues. It hoa thus be«n 
common, with physiological writers, to designate the •elec- 
tion aod depoBition of material which takes place m uutritioti 
bjr the term "nutritive Becretion," whilst the function of 
which we have here to conaider generally the org&no, is 
named simply "secretion," or sometimes, when ueceeauy 
for the sake of distinction, " excretive secretion." 

In man, and in animals which poseaw a circulAting- blood. 
that fluid is the source whence the conetitnente of the n ecTfr- 
tions are proximately derived ; and it is further aaoerlained, 
that some secreted matten esist ready-formed in the blood, 
and require only to be aeUeted uud separateid from the 
general mass, whilst others would seem to be prejiartd trom 
the materials of the blood, by the agency of the sacretilig 
organ. Among the secreted substances belonging to the 
former category, sevend, such as water, couunou salt, and 
albmnen, are primary constituents of the blood, but othos, 
as urea, uric acid, and certain salts, are the result of change*, 
both formative and destructive, which take place in the 
solid textures and in the blood itself, in the general prooeu 
of nutrition. Again, as regards those ingredients of tbt 
secretions which are prepared or elaboisted in the Becn1oi7 
apparatus, it is to be observed, that they may tmdetgv 
changes in oi^amc form, as well as in chemical compoeitioii. 
Evidence of this is afforded by the aoUd corpuscles foood ID 
many secretions, as well as by the seminal cells and spa- 
matozoa produced in the testicle. 

In the structural adaptations of a secreting apptuAtna, it 
'' is in the first ]>lace provided that the blood-vesselB approadt 
some free surface from which the secretion is poured OBl 
The vessels, however, do not open upon the secreting ■ai<- 
face, for their coats, as well as the tissue covering them, M« 
permeable to Uqiiids ; and the most favourable conditlanB tar 
the discharge of fluid are ensured by the division of the 
yeaaels into their finest or capillary branches, and by their 
arrangement in close order, as near as possible to the Hurfiue. 
In this condition, their coats are reduced to the greateat 
degree of tenuity and umplicity, and the blood, being 
divided into minute streams, is extensively and thorongUy 
brought into contact with the permeable parietea of its 
oontainiug channels, as well as effectually and, by reason gf 
its slow motion, for u long time exposed to those iufluencei, 
whether operating from within or without the vessels, which 
promote transudation. 
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Svoh a simple Brrangeiuect as iiiaX just iadicated is Bof- ^™^'"' 
Scient for the separatiou of certaiu substancea from the aeemicm 
general unas of the biood ; foi' the oo&ta of the veBBeia Euid 
tissue superjacent to them are not permeated with equal 
fkcility hj all its coDBtituents ; uid in certain cases the 
etiiuiuation of fluid in the animal body is effected without 
tlie neceasary aid of any more complicated epporatua. Thus, 
the exhalatioii of carbouic acid aud watery vapour from the 
interior uf the longs and air passages, is probably produced in 
thia dmple manner, although the structure of the exhaling 
membrane is, for other reasons, complex ; and the discharge 
of fluid into cavities lined by serous membmneB, which is 
known to be pretematurally incroa«ud by artiGcioJ or morbid 
obstruction in the Teius, may be a case of the same kind. 

But another element is almost always introduced into ^Keucf 
the secreting structnre, and plays an important part in the 
aecretoiy process ; this is the nucleated ceU. A series of 
these ceUe, which are ueually of a spheroidal or polyhedral 
figure, is spread over the secreting surface, iu form of an 
epithelium, which tests on a simple membrane, named the 
buement membrane, or membraua propria. This mem- 
Bane, itself eitrnvosotdar, limits and deQues the vascular 
Kreting surface ; it supports and connects the cells by one 
t its surfaces, whilst the other is in contact with the blood- 
nKsels, and it may very possibly, also, minister, iu a 
«ntain degree, to the process of secretion, by allowing 
) constituents of the biood to pass through it more 
jraadily than others. Bnt the cells are the great agents in 
Ukicting and preparing the special ingredients of the seore- 
Tbey attract and imbibe into their interior those 
1 which, already eiisting in the blood, require 
lerely to be segregated from the common store and con- 
Ontrated in the secretion, and they, in certain cases, 
O&vart the matters which they have selected into new 
^'■'"''■''l compounds, or lead them to assume oi^anic struc- 
nn. A cell thus charged with its selected or converted 
mtents yields them up to be poured out with the rest of 
be secretion, the contained substance escaping from it 
Cther by exudation or, as is probably more common, by 
Idiiscenue of the cell-wall, which, of couree, involves the 
lartruction of the cell itaelf. Cells filled with secreted 
UitteT may also be detached and discharged entire with the 
^^loid part of the secretion, and, in all cases, new cells 
peedily take the place of those which have served their 
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connected irith the mucous membrane of the 
and known by the names of the solitary and tha 
glands, which differ from all those hitherto sftokon o^ 
iQAEinuoh 08 they are Bmoll eaccnlee ntthout an opening 
Some anatDmiHts are of opinion that they difchai^ tbair 
contents, from time to time, by buisting ; whilst otfacn, 
without denying the possibility of this, are disposed to take 
a different view of these glandular bodies, and (as, at any rate 
there are no ducts) refer them to the class of " ducU^ 
glands," under which head they will be agtun adverted 
to. The full desoription of these glands, as well as of the 
peculiaritieB in the structure of the liver and kidney abore 
rofen«d to, belongs tn the dutwls of special anatomy. 
Lynipbiiic] Besides blood-voaseU, the glands are funiislied with 
ofgi^ds'' lymphnticB, but the urrangemeut of these nitliiu the oont- 
pound glands, though it is most probably reticular, hif 
not been fully traced. Branches of nerves have &lao basn 
followed, for some way, into these organs, and the viUr 
known fact, that the flow of secretion in several glaadi 
is affected by mental emotious, shows that an iofinoia 
is o^ierted on secreting organs through the medium cf tba 
nerveK. It ba« not been ascertaiiied how the ultmiala 
ramifications of the nerves ore dtsposed of in the nJkndidai 
structure, nur how they ore related to its more '-imfnlirtit 
constituents, 
siibitsnce of From what has been stated, it will be apparent thst titf 
Hluadi. substance of a gland consists of the ducts, blood-vesMl^ 
lymphatics and a few nerves, in some ca.ses connected kf 
an intervening tissue. In the testicle there is a very audi 
amount of intermediate areolar tissue, which, with tha aid 
of the blood-vessels, holds the tubules but feebly togstbov 
BO that the structure is comparatively loose, and niliTy 
admits of being teased out ; but then it is anfficiently pro- 
tected and supported by a fibrous capsule on the outiddcv 
and fibrous septa within the gland In the racemose, Ot 
vesicular, glands, there is a good deal of uniting areolar 
tissue, which surrounds collectively each group of vesiolea, 
binds together the lobules, and supports the vessels in their 
ramifications. The substance of the kidney contains scarcdj 
any distinctly characterised areolar tissue, except bundlM 
which here and there nocompaiiy the larger branches of 
vessels, but, according to Mr. Bowman, there is more or 
less of a soft, amorphous granular matter among the tubulu 
and blood-vessels, which bind them together, espec 
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the parts of the orgau, where they have a straight couree. 
J'areivcltt/ma is a word goiiietiinea employed in deKcribiug the Tonn "pi 
glandf, though leas in use now than formerlj'. It haa some- """^ -''"' 
tiwea beon omployed merely to denote the solid part of a. 
gland composed of all the tissues already mentioned ; at 
other times, it has been used to signify any substance, of 
whatever uitture, lying between the ducts, vessels, and 
nerves. lu this last boubo, the parenchyma is, in certain 
glands, represented by areolar tissue, in others, an the 
kidney, by amorphous matter, whilst there are some in 
which it cannot be aaiil to exist 

Some glands have a special envelope, as In the case BuvsIoik' 
nith the kidney and testicle ; others, ns the pancreas, 

The iluctfl of gkuds ultimately open into cavitioa lined Bosonoh 
by mucoiu membraue, or upon the aurfaia! of the akin. """ 
They are sometimes provided with a reservoir, in which the 
secretion ia collected, to be discharged when the purposes 
of the economy demanil. The reservoir of the urine 
receives the whole of the secreted finid ; in the gall-bladder, 
on the other hand, only a part of the bile is collected. 
The vMioulfc aeminales afford another example of those 
appended reservoirs. The ducts are constructed of a base- scmetuH 
ment membrane and lining of epithelium, and in their "'"^"- 
8nudler divisions there la nothing more, but in the larger 
branches and trunks a fibro-vaseular layer is added, as in 
the ordinary mueons membrane, with which many of them 
.'vre continuous, and with which they all agree in nature. 
A more or leas linn outer eoat, composed of areolar tissue, 
cornea, in many cason, to Hurruiuid the mucous lining, 
and between the two, or, at any rate, outside the uiucoiis 
coat, there are in many ducts muscular hbres of the plain 
variety, disposed in two layers, in the more intemal 
and more considerable of which layers the fibres run longi- 
tudinally, and in the other circularly. The epithehum is 
usually composed of spheroidal or polyhedral particles at 
the commeucemeut of the ductn, and is columnar in the rest 
of thiUir length, though sometimes tlnttened or scaly, 03 in 
the mammary gland. 



r DUCTLESS OR VASCULAK GLANDS. 

There ore certain bodies which have received the name of u 
gluids on account of their resemblance in general appearance 




and structure to the ordinaiy secreting or^j^DS. Tliey differ, 
however, from tha latter in the fact of their poasoBHing no 
ducts for the conveyauce of their Mcrution ; so that the 
prodncts of secretive action, if finding any outlet, axv com- 
pelled to do so by rupture, by filtration through the ti^uiueai 
or by re-abaorptioo into the circulating current. Tlxo bodi«« 
in question have been tenned " ductless " for this obrioos 
auatonucal reiison ; and " vaacular," on curtain physiological 
or theoretic grounds, as thoy are supposed to eU'ect some 
chouge in the blood which is transmitted through tbotu. 

To this class belong the following bodies :— the spleen, 
tile thyroid body, thymus gland, supra-renal capsules, 
pituitary body ; and, according to Kolliker, Husluy, auil 
others, wo ought to place in the same category the solitar; 
closed follicles of the wtomach and tutestiues, the Pcyenan 
glands, the follicular glands at the root of the tangD«, Mid 
the lymphatic glands generally. The peculiar structure of 
each of these organs (except the lymphatic glands, already 
treated of) will be considered in its proper pUce iu that 
portion of this work which is devoted to special anatomy ; 
and we have here to give only a general ontliue of thow 
stmctunil provisions which are, with more or less modifica- 
tion, common to them all. 

The following may be taken as a general accoiuit of tbc 
mode iu which their constituent elements are arranged. Tbt 
form of the gland is determined by n fibrous, and in some 
instances dense and firm, investing membrane, which in the 
larger organa is fiimished with prolongations projeoting 
inwards as septa, giving considerable firmness to tlie tsxtarc, 
and either fomiisg loculi or rounded cavities within them, 
or merely leaving spaces between the septa, in which a 
!. peculiar parenchyma is placed. The investing membnuie 
cousistn of both white and elastic fibres, in varying propor- 
tion, and, in many instances in the lower animals, of oon- 
striated muBculor fibres. Each gland is abundantly Rupplied 
with blood -vesselii, both arterial and venous ; the former 
commonly dividing frequently, but entering into no aiuulo- 
mosis until thoy have arrived at their ultimate raim&cstuB 
in a capillary plexus; the latter (the veius) are usually lugs, 
valveless, and in some situatious appear dilated into aaca ; 
but this appearance has been questioned. LympluUlo 
vessels and nerves exist in very varying proportions. 

The blood-voMels as they pass through these glands &ra in 
some coses closely surronnded by a peculiar pulpy substance, 
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vaxymg in omoimt oud colour at different periods, but geue- 
rallj existing in Donsidonible quantity. This pulp conaistK of 
cells, unclei, granular matter, aud fut-moleculas. The obIIh 
ara of very diffurent kinds and vary widely in siee ; some 
resemble lymph, chyle, or pale blood-corpusclea ; others, 
free nuclei ; some are large compound cells, (Mntaining 
globules closely resembling those of the blood in their 
interior ; others cuiitoiu many nuclei, and much granular 
matter. 

These being the general characters of tile ductless gland«, Tu-Ietl 
the varietiea met with in the human body may be arranged 
as follows :— ~ 

a. BauDde<l tind closed capsulus filled with nucleated 
cells, nuclei, aud intercellular fluid, and traversed by blood- 
capillaries ; the capsules placed singly or in flat patches 
under a mucous membrane (solitary and agminated intestiunl 
glands), or surrounding a simple or complex receu, lined by 
nnd opening on the surface of a mucous membrane (certain 
lingual and pharyngeal glands, nud tonsils) ; it beiug un- 
certain whether the contents of the capsules are diHchurged 
by rupture or transudation, or taken up by absorption. 

I>. A lobulated orgau inclosiug a sinuous internal cavity, 
with no outlet, filled with a liquid secretion containing cor- 
puscles ; the cavity branching into the lobules, and ending 
in the amoUest of them, accord ing to one opinion, by groups 
of aaceular dilatations of its membrana propria, covered out- 
wardly by capillary blood-vesBels, as in the racemose secreting 
glands. According to another view the walls of the cavity 
in an ultimate lobule are not sot round with soccnles, but 
with B:nall solid pclletti, formed of aggregated corpuscles 
■imilar to those of the fluid, and bounded towards the outer 
surface of the lobule by a membrana propria, within which 
^ i> » group of blood-vessels pervading the corpuncular matter, 
m» in n (thymus). 

e. A glandular body containing diiferent-alzed locular 
Bpoces formed by a stroma of fibrous or more or less bomo- 
geneooB connective tissue : the loculi containing granules, 
nnolei, and nui^leated cells of various sizes, with inter- 
oellulor fluid (auterior lobe of the pituitary body and 
(upra-renal capsules), or lined by a membrana propria and 
epithelium, and filled with clear tenacious fluid (thyroid 
body). 

". An organ containing a peculiar pulp lodged in the 
fbteistices of a trabecular and highly vascular atructuri; ; also 
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Function. 



capsules with contents as in a, attached to the veaselsy and 
surroonded by the pulp, which, while containing collections 
of red blood-corpusdes in various conditions, resembles gene- 
rally in nature the matter within the capsules, and is like- 
wise traversed by fine blood-vessels (spleen). 

e. Bounded or oval bodies having in their interior int^- 
communicating loculi traversed by blood-capillaries, and 
filled with a delicate spongy tissue, the areoles of which 
communicate with entering and issuing lymphatic or lacteal 
vessels, and are filled with cells and nuclei identical with 
those of the lymph and chyle (lymphatic glands). 

The purposes fulfilled by these organs are still involved in 
great obscurity ; and very dififerent opinions are held on the 
subject by eminent authorities in Physiology. 



» 



ELEMENTS OF ANATOMY. 



INTRODUCTION. 



The mnteriiLl objects wliicli exist in nature belong to tivo Di 
great diHsioiiB ; thoiw wliKh va living or which Imve lived, ^ 
and thoHo which iijufcar ara uor have ever been endowed 
with life. The f^l ilJvLsion cnupruhtiods anioiala and 
pldutii, the other mineral subiitancea. 

In a living animal or plftnt, changes take placo and pro- 
oesses are carried ou, which are uecesaaiy for the nsiDtenance 
of its living slate, or for the fulfilment of the ends of its 
bting ; thtwt are termed its functions, and certain of theae 
fiiuctions being common to all living bciugs servo among 
other characters to distinguish them from inert or mineral 
substances. Such are the function of »u(rifion, hy which 
living beings take extTaneouB matter into their bodies and 
convert it into their own suhstance, and the fimction of 
generation or reproduction, by which they give rise to new 
individuals of the same kind, and Uius provide for the con- 
tinuano} of their spedes after their own limited existence 
shall have ceased. 

But in order that such processes may bo curried on, the 
body of a living being is constructed with a view to their 
accomplishment, and ita several parts are adapted to the 
performance of determinate offices. Such a constitution of 
boily is toniiud organiMition, and those natural objects which 
possess it are named i/rganistd hodin. Animals and plauts, 
being BO constituted, are organised bodies, while minerals, 
not poascosiiig such a structure, are inorganic 

The object of anatomy, lu its most extended sense, is to „ 
ascertain and maha known the atnicture of organised bodies, a 
But the science U divided according to its subjects ; tht> 
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investigation of the structure of ptantn forms a distinet 
study under the name of Yegetable Anstomy, and the 
anatomy of the lower animaU is diBttnguinhed &om tbkt of 
man or humnn anntomy under the name of CompatatiTa 
Anatomy. 
' On examining tha structure of an organLied liudy, ire find 
that it is maile up of members or organn, tlirough meant of 
which ita functions are executed, Buch as the root, Btam, ami 
loaves of a, plant, and the heart, brain, stomach, or limb* of 
an animal : and further, that these organs ore ttiamiclT«* 
made up of certain constituent materials named tiasuea or 
textures, as the celhtkr, woody, and TOKCuUr tissues of lie 
vegetable, or the osseous, muscular, Breolor, vascular, and 
various others, which fonn the imimn-l oi^us. 

Most of the testurea occur in more than one organ, and 
some of them indeed, as the areolar and vascular, in oeulj 
all, so that a multitude of organs, and these greatly divcra- 
&ed, are constmcted out of a, Hmoll number of constituent 
tisBuea, just ns iniuiy different words are formed by tliB 
varied combiuations of a few letters ; and [lartB of this bodft 
diCferiag widely in form, construction, and uses, nuiy agnt 
in the nature of their component materials. Again, ta tlw 
same texture pOBseases the same essential character? in what- 
ever organ or region it is found, it is obvious that the strne' 
tnro and properties of each tissue may be made the mibjeiA 
of investigation apart from the ot^faua into whose £ 
it enters. 
Ld These consideratious naturally point out to the A 
' a twofold line of study, and have lod to the snbdiviaioii of 
Anatomy into two branches, the one of which treats of tlia 
nature and general properties of the component teztiiree of 
the body ; the other treats of its several organs, memben, 
and rogionn, describing the outward form and internal struc- 
ture of the parts, thtdr relative situation and mutual con- 
nection, and the ouocessive conditions which they present in 
the progress of their formation or development The former 
is usually named "General" Anatomy, the latter "Special' 
or "Descriptive" Anatomy.* 

* TIieM names hats ticeu nbjected to, sad the tcrmi Histologj (Itrrht, 
a well, and \iyi)s, a diKonnie), and Morphologj 0"w^, fonn, Ae.), 
Ihemfclves not free from objectioa, bsve been proposed in their ttioA : 
there Beemi no infficient reanm for the substitation ; tlie Utt«r term, 
indeed, i> often osed id a different sense ; iJia former is 
gaining oecsptance, both in this coimtrj aad eUevhere. 
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"ERAL CONSIDERATIONS ON THE TEXTURES. 

i buHian body cousista of boIHb and fliiida. Only e 
i solid parta can be reckoned as textures, properly bo ^ 
called ; Etill, as some of the fluids, \ie. the blood, chyle, 
and lymph, contnlu in BUspeusion solid org-tuised corpuwles 
of determinate fonn aud organic propcrtlea, and are not 
mere products or secretions of a particidar oi^an, or con- 
fined to a particular part, the corpuscles of these fluids, 
though cot coherent textures, are to be looked upon as 
orgonlBed constituents of the body, and as such may not 
improperly be considered along with the solid tissues. In 
confonuity with, this view the textures and other organised 
constitneuta of the frame may be enumerated as follows : — 

Tbs blood, chyle, and lymph, 

lidermic tissue, including epithelium, cuticle, nails, 
and hairs. 



»The bloo 
Xpiderm 
and hi 
Pigment. 



Adipose tissue. 
Areolar or connective tissue. 
Fibrous tissue. 
Elastic tissue. 
Cartilage and its varieties. 
Bone or osseous tissue. 
Muscular tissue. 
Nervous tissue. 
Blood'VeBsels. 

Abfiorbent vessels and glands. 
1 Serous and uynovial membranes. 



I 
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Mucous memlininea. 

Bkin. 

Secreting glands. 

Vasciil.u' or ductlesa glumla. 

Every toxture taken as a whole was viewed by Bicliat U 
coDstitutiug & peculiar Hyslem, presenting thronghout iti 
whole extent in the body characters either the same, or 
modified only bo far as its local connections and nans rendered 
iiocesBary ; he accordingly used the term " organic ayBtcoDH" 
to designate the textures taken in this point of Tiew, and 
the term lias been very generally employed by Hucceeding 
vriters. Of the tisstiea or orgnuic systems enuniented, 
some are found in nearly every organ ; such is the case irith 
the areolar or connective tissue, which serves as a connecting 
material to unite together the other tissues irhich go to fcnrn 
an organ ; the vessels, which convey fluids for the iiutrition 
of the other textures, and the nerves, which establish a 
mutual dependence among different organs, imparting to 
them sensibility, and governing their movements. ThoH 
d were niuned by Blchat the "general systems." Others 
again, as the cartilaginous and oaseous, being cou&ned to ■ 
limited number, or to a particular class of organs, he named 
" particular eyatems. " Lastly, there are some tissues of such 
limited occurrence that it baa appeared more convenient to 
leave them out of the general enumeration altogether, »nd 
to defer the consiJeratiou of them until the particular orgam 
in which they are found come to be treated of. Accordingly 
the tissues peculiar to the crystalline lens, the enamel of tha 
teeth, and soma other ports, though equally independent 
textures with those above enumerated, are for the reason 
assigned not to be described in this part of the work. 

It is further to be observetl, that the tissues above 
oniimeratod are by no means to be regarded as simple 
structural elements ; on the contrary, many of them axe 
complex in constitution, being mode up of several more 
simple tissnes. The blood-vessels, for instance, are composed of 
several coats of different structure, and some of these coat« 
consist of more than one tissue. They are, strictly speaking, 
rather organs than textures | and indeed it may be remarkod, 
that the distinction between textures and organs has not in 
giweral been strictly attended to by anatomists. The some 
remark applies to mucous membrane and the tissne of tbe 
gkods, which structures, as commonly understood. 




PHYSICAL PROPERTIES OF THE TEXTPRES. 

hly complui. Wore we to separate eveiy tisaue into the 
ropiest pnrta which posHessed assignable form, we should 
remitve the whole into » very few conrtructive elementH ; 
anil, having regard to form merely, and not to difference of 
chemical constitntion, we might rednce these elements to ei 
the following, tIe. 1. timpic ^^>re, 2. homogfnfous membrane, "' 
either spread out or fomung the walls of tubes or ceUs, and 
3. globules or grantdif, rarying in diameter from the -rriogth 
to the oo'oo^^ "^ "" '^^ These, with a quantity of 
amorjihous maittr, homogeneous or molecular, might be said, 
by their varied combinations, to make up the diSereiit kinds 
of atructure which we recognise in the tissues ; aud if we 
take into nccouut that the chemical nature of thi^ae 
formative elements and of the amorphous matkr may vary, 
it will be readily conceived that extremely divetsified 
combinations may be produced. 



■ PHYSICAL PROPKETIES. 

* The aninuLl tissues like other forms of matter are endowed 
with various physical properties, such as consistency, denidty, 
colour, and the like. Of these the most interesting to the 
Physiologist is the property of imbibing fluids, and of pei^ 
mittlag fluids to pass through their substance, which is 
eseentially connected with some of the most important ph«> 
nomena that occur in the living body, and seems indeed to 
be indispensable for the muiiiteiuuico ouii manifestation 
■"lift. 






aud fleiiliili^, okmnkiitjf up into amalter balk Aod beeami 
brittle, and trsDspareiit ; but when tbi dried tiaaae is phoed ia conUct 
with vater, it grcedilf imbibes the Snid og^n. and ri-coTttn its rormer 
luze, weight, and mechuiicalpropcrties. TheimbibedirateriBnodoiibt 
parlly oonlwned mechanicallj in tho iotersticoi of the ti«ne, and re- 
tained there by taiulluy attraction, like water in moist tondMone or 
otber inorganic porous Eubatancea ; but it hss be«D qaeitioDed wbether 
tUe pflHentiol port of tbe procetB of imbibition by mn uiima] tisBae is to 
bs BAcribed to mere porodty , for the Suid h not meielj lodged between 
tlie fibreg or laminte, or in tha esTities of tbe texture ; a port, prci- 
bably tbc chief part, ia iocorponted with the matter whiirh forms tho 
tifsne, and ii in a itute of union with it, which is supposed to t>e more 
intimate thou could well be ucribed to the mere ineluuon of a fluid in 
the porei uf analher Bubstooee. Be this u it may, it ii dear thai the 
tiHoe^ BTUi ia their inmuat nibalanee, ue permsaMe lu dnida, and 
thU property is indeed neceaiary, not only to maintain their due Mft- 
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nesa, pliancy, el&studt;, nnd other mecliaiueol qualities, but alai li 
allow roa.tl«r9 to be eoavsjed iaia uid out uf their sabetuice in tki 
pFocesB of nutrition.* 

CHHMICAi COMPOSITION. 

The human body is capable of being resolved by ulti- 
initte analysis into chemical elements, or simple coiistituicotf, 
not diifering in nature from those which compose minenl 
HubBtonc^B. Of the chemical elements knowu to cxi«i in 
nature, the foUowing have been discovered in the bmiuii 
body, though it must be remarked, that those at the bottom 
of the list occur only iu exceedingly minute quontitj; 
oxygon, hydrogen, carbon, nitrogen, phoaphoms, sulphur, 
chlorine, fluorine, potassium, sodiiuii, ciilciuni, magiieetiun, 
iron, silicon, manganese, alnmiiium, copper. 

These ultimate elements do not directly form the t^xtmci 
or fluids of the body ; they first combine to form certain 
compouuds, and these appear as tlte more immediate consti- 
tuenta of the animal Hubstance ; at least the ajumnl tiaiae 
or duid yields these compoundH, and they in their (mm are 
decomposed into the ultimate elements. Of the immediate 
constituentA some ore found also in the mineral kingdom, at 
for example, 'Rater, chloride of sodium or conunon salt, 
and carbonate of lime ; others, such as albumen, fibrin, and 
fat, are peculiar to organic boilies, and iiro accoidingl; 
named the proximate organic principles. 

The animal proximate principles hare the following leading 
characters : They all contain carbon, oxygen, and hydrogen, 
and the greatier number also nitrogen ; they are all de- 
composed by B, red heat ; and, excepting the fatty «nd 
acid principles, they are, for the most part, extremely prone 
to putrefaction, or spontaneous decomposition, at least, 
when iu a moist state ; the chief products to which their 
pntrofaction gives rise being water, carbonic acid, ammonia, 
and sulphuretted, phosphurctted, and CBrburott«il hydrc^n 
gases. The immediate compounds found in the solids and 
fluids of the human body are the following : 

I. AiDtiacd riibtlanca, or tnich as contain nitrogen, tik 

* The consideration of the pLenomeiu FnanecUd wltli tho tranamto- 
don of liquids sad gsses through th« animnl tiSBuea, though higbl} 
important, does not slriotJy holong to an anatomies! irork. Mr. Ots- 
Lbtd'i Chemiilr]', pnm 73, and hii U«moir on "Osmose," Fhil. Trana. 
18fii, mn; be coiisulled sa eri^nal Bouneii of iafonnatioa on this 
suliJMt 
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albumen, fibrin, casein, geUtin, chonilrin, extractive soluble 
in alcohol, extractive soluble in water, salivin, kreatin, 
pepsin, globulin, mucus, homj matter or keratin, pigment, 
iio^mBtin, pyin, nrea, uric acid, hippuric acid, leudn, 
tyrosin, azotised biliiuy compounds. 

II. Siibslanees dettiliiU of nitrogeit, viz. futty matters, 
(except oerebric acid,) BUgnr of milk, animal gluooae, inoait, 
l&ctic acid, cerUun principlen of the bile. 

Sotib of the BulntanceB now ennmecated require no furthOT notice in 
a work deroted to anatamf. Of the rest, the greater numlior will ba 
explained, u for u moj be nccesaorj for our purpose, in treating of 
tbe particDlu' solids or flaidB in which the; are chiufl; found ; bnt 
there are a few of more generJ ocuun'enee, the leading characten of 
vhidi it will be adriiabla here to state very briefljr, rii. : — 

A. AOiiimiHoid pr'meij^a, albumen, fibrin, and casein. 
Coagiilablo— fibrin spontaneously, aibumeu by beat, casein 
by rennet. Precipitated by miner^ adds, tannic acid, 
alcohol, corrosive sublimate, aubocetate of lead, and several 
other metallic aalta. When coagvlaUd, not soluble in water, 
cold or hot, unless after being altered by long boiling ; 
insoluble in alcohol ; soluble in alkalies ; soluble in very 
dilute and also in concentrated acida ; the soIuUonB predpi- 
tfttod by red and yellow pruaaiates of potaah. 

B. Gelatinous prineipla, gelatin and choudrin. Not dia- 
nolvud by cold water ; eaaily soluble in hot water ; tbe solu- 
tion gelatinising when cold. Precipitated by tannic add, 
alcohol, ether, and corroaivo sublimate, an<l not by the 
prussiatea of pitasb. Oioiidrin, predpitateil by adds, alum, 
siUpbate of alumina, persulphab) of iron, and acetate of 
lead, which do not precipitate gelatin. 

c. Erfractive mattfn, associated with lactic add and lac- 
tates. All Bolublo in water, both cold and hot ; some in 
water only, nome in water and rectified spirit ; some in 
water, I'ectified spirit, and pure alcohoL 

D, Fatly nuxtten. Not soluble in water, cold or hot; 
rOtehible in ether luid in hot alcohol. 



' VITAL PHOPERTIES OF THE TESTUKKS. 

Of the phenomena exhibited by living bodies, there s 

mimy which, in the present state of knowledge, cannot be JJ 

referred to the operation of any of the forces which manifeat m 

_.themeIvcB in inorganic nature ; tboy are therefore ascribed 

> certain powers, endowments, or properties, which so far 
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aa knoim, are peciiliaj' to lii'ing bodies,. aud are accunlin^tf . 
named "vital jiroperties." TheBs Tital propertiea an 
called into play by vanous stimuli, ext«nutl and intamal, 
physical, cluanicaJ, and meutid ; and the aasemblag« of 
actioHH thence restiltiug has been designuted by the tatiB 
"life." The words " life " and " vitality '' are often alio 
employed to signify a aingle principle, force, or agent, whioli 
has been regarded aa the common source of all rital pro- 
pertie«, and the cominou cauM of all vital actions. 

1, Of the vital properties, there is one which is nnivenal 
in its existence amoog organised beings, namely, the pio- 
perty, with which all such beings are endowed, of converting 
into their own substance, or " Hssimiluting," alimentaiy 
matter. The operation of this power is seen in the continti^ 
renovation of the materials of the body by nutrition, and in 
the increase and extension of the organised substance, whidi 
necessarily takes place in growth aud reproduction ; it mani- 
fests itself, moreover, in individual teixtures as well as in the 
entire organism. It has been called the ' ' assimilative force 
or property," "organising force," "plastic force," and ii 
known also by various other tuunes. But in reality the 
process of assimilation produces two difiarent elfects on the 
matter assimilated : first, the nutrient material, previooalj 
in a liquid or amorphous condition, aci|uireB determinate 
form ; and secondly, it may, and commonly does, nndeigo 
more or less change in its chemical qualities. Such bmng 
the case, it seems reasonable, in the mean time, to refer 
these two changes to the operation of two distinct ageuciea, 

< and, with Schwann, to reserve the name of " plastic " force 
for that which gives to matter a definite organic form ; ths 
other, which he proposes to call " metabolic," being already 
generally named "vital affinity." Respecting the last- 
named agency, however, it has been long since remarked, that 
although thu products of chemical changes in living bodie* 
for the most part differ from those appearing in the inor- 
ganic world, the dillerence is nevertheless to bo ascribedt 
not to a peculiar or exclusively vital affinity ditFeront from 
ordinary chemical affinity, but to common chemical affinity 
operating in circumstances or conditions which present them- 
selves in living bodies only. 

2. Whoa a muscle, or a tissue containing muscular fibres, 
is exposed iu an aiiimal during life, or soon after death, and 
scratched with the point of a knife, it contracts or ahortsna 
itself ; and the property of thus visibly contracUng on tJlf 
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application of h stimulus is named " vittJ cuutractility," or 
" iiritAbilit^," iu the reutriutijii seuse of this lattor teriD. 
The property iii question mfty bo cnUed into play by various 
utLer stimuli besides that of mechiuiical imtatioa— «Bp«ciaUy 
by electricity, the auddeu upplioitiuu of boat or cold, Bait, 
and various other chemical agtnita of an acrid character, and, 
in a large class of muscles, by the exercise of the will, or by 
involuntary mcutal stimuIL Tbu stimulus may be applied Hnwci- 
either directly to the muscle, or to the nerves entering it, "^^"^ 
which then cummunicate the effect to the muscului fibre, and 
it 13 in the latter mo<le that the voluntary or other mental 
stimuli are transmitted to muscles from the brain. More- 
over, a muscle may be excited to contract by irritatioD of a 
nerve not directly connected with it. The stimulus, iu this 
case, is first conducted by the nerve irritated, to the brain 
or spinal cord ; it is theu, without participation of the will, 
and even without couflciousness, transferred to another nerve, 
by which it is conveyed to the muscle, and thus at length 
excites muscular contraction. The property of nerves by 
which they convey stimuli to muscles, whether directly, as 
in the ciuo of muscular nerves, or circiiitously, as iu the case ■■ vii nor- 
lost instanced, is named the " vis nervosa." '""' 

The evidence that a tissue poBsesaes vital contractility T<nta or 
is derived, of course, from the fact of its contracting on JJiJtuJS^. 
the application of a stimulus. Mechanical irritation, as 
ecratdiing with a ah.trp point, or slightly pinching with the 
forceps, electricity obtained &om a piece of copper and a 
piece of ziuc, or from a larger apparatus if necessary, and 
the middeu application of uild, arc the stimuli most com- 
monly applied. Heat, when of certain intensity, is apt to 
cause permanent shrinking of the tissue, or " criapatiou," as 
it has been called, which, though cjuita different in nature 
from vital contraction, loight yet l<e mistaken for it ; and 
the same may happen with acids and some other chemical 
agenta, when employed in a concentrated state : in using 
such stimulants, therefore, care should be taken to avoid 
tliis source of duccplion. 

'i. We become conscious cf impressions made on various Seniibdiiy. 
parta of the body, both external and internal, by the faculty 
of sensation ; and the parts or textures, imprrasioiis on which 
are felt, are said to be sensible, or to possess the vital pro- 
perty of " sensibility." 

This property manifests itself in very diffureut degrees in 
,t [Kirta ; from the hairs and nails, wliich indeed are 
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k inter- cellulax lulistaiice, which, acoordlug |p 
I Mohl,* has EO great u, dinilarity to the aai^ 
etnnce of the cell-walla that it ia impossible, even wiA 
tho aid of chemical re-ngents, to discover a line of de- 
marcation between them. That eminent phytologist wapt 
poses that within what is commonly ciUlod the oeU-wiO 
there exists an extremely delicate mombranc, catatibaHxtg 
an interior vesicle, which he names the "Pritnotdial 
utricle." This ia in most cases so closely applied to Ibe 
exterior wall as to be uudistinguishable ; but in young oelli, 
and in those of strictly cellular plants, such as the AlgWi 
Ac, , during the whole of their existence, it may be sejMnted 
by treating the tissue with alcohol, or hydrochlorie Or 
nitric acid, and then the iuterix)r vesicle appean abnTeSed 
up and Bepamtod from the wall of the cavity. If this viaw 
be correct, the cella, 03 usually recognised, might be regarded 
as lacunie in the intei^ cellular aubiitatic«, and tho inclOMd 
primordial utricles aa the real cells. But the reality of th* 
alleged primordial utricle has recently been called in queslun, 
and the supposed internal membrane is held to be matdj 
tho limiting surface of the cell-contents ahrunk away ham 
the inside of the containiug cavity, and perhaps somewhat 
consolidated and defined by the re-agents employed. Still, 
whether the cell-cimtentit have a vesicular limiting membrane 
or not, they originally present a marked contrast in cbemicol 
nature to the containing cell-wall and inter-cellular sub- 
stance, and would appear to fulfil a different purpose in the 
process of tissue-do vclopmeut.t 

Besides such cells, phienogamous or flowering plant* 
coutaiii tubes, vessels, and other forms of tissue (fig. 2',* *) ; 
but a great many plants of the class cryptogamia ore com- 
posed entirely of cells, voriously modified, it is true, to mit 
their several destinations, but fundamentally the same 
throughout : nay, there are certain very simple modes of 
vegetable VKistence, in which a single cell may conatitnte 
on entire plant, aa in the well-known green [lowdery cnut 
which coatii over the trunks of tree.% damp walla, and other 
moist surfaces. In this bust case, a simple detached cell 
exercises the functions of au entire independent ot;gaiusni, 
imbibing and elaborating extraneous matter, ext«ndiii{[ 

* Die vegelaliiUiKhe Zelle ; or English traualation 1ij Prof. Henftfy. 
t See sn inletesUng duKUSSJon of this snliject b; Mr. Hailif^ 
the Britiab mid Foreign Mtdicnl Rericn for 1S53. 
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itself by the jirocess of gronlh, and continuing its Bpecies by 
generating other cells of the aame kind. Evan in the 
a^regnted state in which the cells exist in Tegetftbles of a 
higher order, each cell still, to a certain cstcnt, exercises 
its functions bs a distinct individual ; but it is now subject 
to conditions arising from its connection with the other 
parts of the plant to which it belongs, anil is made to act in 
hnrmouy with the other cells with which it h associated, in 
ministering to the necessities of the greater organism of 
which they ore joint mcmberK. These elementaiy parts ars 
therefore not simply congregated into a mass, but combined 
to produce a regularly organised structure ; just as men in 
an army are not gathered, promiscuoaiily, as in a mere 
crowd, but are regularly combined for a joint object, and 
mode to work in concert for the attainment of it ; living 
and acting as individuals, but subject to mutual and general 
controL 

Now the varied forms of tissue found in the higher orders TmuA 
of plants do not ejdst in them from the beginning ; they JJ^^ 
are derived from cells. The embryo plant, like the em- osD*. 
bryo animal, is in its early stages entirely formed of cells, 
and these of a very simple and uniform character ; and it is 
by a transformation of some of these oells in the f^irther 
progress of development that the other tiseues, as well as 
the several varieties of cellular tissue itself, are produced. 
The principal modes, as far as yet known, in which vegetable 
ceUs are changed, are the following. 

1. The cells may increase in size ; simply, or along with EoUrgi 
some of the other changes to be immediately described. moot. 

2. Theyaltet in shape. CeUshaveoriginally a spheroidal Chnagi 
or roimded figure ; and when in the progress of growth they "^"^^ 
iunvase ccpially, or nearly so, in every direction, and moot 
v^th DO obstacle, thoy retain their rounded form. ,When 
they meet with other cells extending themselves in like . 
manner, they acquire a polyhedral figure (fig, 2','') ^J 
mutual pressure of their sides. When the growth takes 
place more in one direction than in another, they become 
flattened, or they elongate and acquire a prismatic, fuaform, 

or tabular shape (fig. 2", ' * '), Sometimes, as in the 
common rush, they asaumo a starlike figure, sending out 
radiating branches, which meet the points of similar rays 
from adjacent cells (fig, 3'.) 

3. The cell.'4 coalesce with adjoining cells, and open into CmUch 
n this way a scries of elongated cctla placed end to *thw" 
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end may open into one another by absorption 
cohering membraneB, and give rise to a tubuUr v 





4, ChaugiiB take place in the Bubatance and in the con- 
tentti uf the cclla. These changes may be diemical, as in 
the convoTStun of staroh inUi gum, 
iFig. B-t Bugar, and jelly, and in the jiroduc- 

tion of Tttrioua coloured matten, 
essential oils, and the lihe. Or they 
may affect the form and amuigement 
of the contained substances ; thug, 
the contents of the cell very fre- 
quently ftBBunie the form of ^thuuIw, 
s ; at other timcB the contained 
matter, anflering at the same time a change in ite cbiumcal 
nature and in conusteucy, is deposited on the iisuer florfaee 
of the cell-wall, so aa to thicken and Htrengthen it. Such 
" secondary depoaita," as they are termed by botuusta, 
usually ocour in successive strata, and the deposition may 
go on till the cavity of the cell is near^ 
ir completely filled up (fig. 4'). It is in 
this -ray that the noody fibre and otber 
I hard tissucB of the plant are formed, li 
further appears that the particles of each 
layer arc disposed in liues, running ajnrally 
round the cell. In place of forming a 
continuous layer, these secondary depoaita may leave Uttla 

* Traturea seen in a loDgitadlaiil section of the 



T spherales, of 



Fig. t'.t 
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s])otfi of tho cell-wall iiucovi'reil, or less thickly coverej, and 
thua give riso to what is uiuiied pitted tissue (fig, 2',') ; or 
they may aksuihc the fonn of a, sieuder fibre or band, aiiiglc, 
double, or multiple, ruuniiig in a spiral manner along tha 
inside of tha cBvity, or forming u scrieB of separate rings or 
hoops, an in spiral and umulor vessels (fig. 2','). New 
matter may bu absorbed or imbibed into the cells ; or a 
portion of their altered and elaborolcd contents may escape 
ail a secretion, either by transudation through the ccll-wnll, 
or by rupture or absorption of tho membrane. Ijiistly, in 
certain circumstajices, cells may bo wholly or partiidly 
removed by absorption of their subHtance. 

5. Cells may prodnce or generate new cells. The mode F 
in which this takes place will be immediately considered, ' 
in speaking of t^e origin of animal cells. 

FOEMATIOS OF THE ANIMAL TEXTURKS. 
pHBsiug now to tho development of the tuiima] tissues, it Etucm- 
may first be remarked geueratly, that in some instanoos the ^^ ' 
proceKB exhibits an obvious anidogy with tlmt which takes in 
place in vegetables ; certain of tho animal tissues, in their ^ 
earlier conditions, appearing in form of a congeries of 
cells, almost entirely resembling the vegetable cells, and, 
in their subsequent transformations, passing through a 
scries of changes in many rcs|>ect8 parallel to some of those 
which occur in the progress 
of vegetable development. p\„ f,- • 

Cartilage affords a good 
example of thia. Figures 
5' and 6', a, are magnified 
representations of tartilage 
in its early condition ; and 
whoever compares them 
with tho appearance of 
vegetable cells, shown in 
figures 1' and 2*, must at 
oDco be struck nilh tho 
resemblance. Fig. 6', B 
and c, shows tho Bubse<|Ueut 

changes on the primary cella of cartilage ; the parietea 
are seen to have become thickened by deposit of fresh 




DEYELOPMEKT OF TflE TEXTURES. ^H 

materinl, the spuces within the celis fire conseqnentl; 
diminUhed, while the mass lietween the cavities b mcreaBed. 
Now this chunge seen to occur in the cartilsge cells, thougl] 
there may be a question, as to the pnicise mode iu 'K'hJeli it 
ia brought about, may very foirlj be compared wfth the 
thiclceniug of the »des of the vegetable cells, which tabca 




place when tliey are.coDveiteil into the woody oad oths 
hard tissues. Again, iu most cartilages the cells incroaae in 
number as they diminish in size, new ones being formed 
within the old, as happens ia niauy vegetable structures. + 

The instance now given, and others to the same effect, 
which will be mentioned as we proceed, tend to show the 
fimdamentnl resemblance of the process of textuml develop- 
ment in the two kingdoms ; but, when we come to ioqnire 
into the variouH modiGcatioiis which that process oxliiblta ia 
the formation of particular textures, we encounter Berioui 
difficulties. The phenomena are sometimes dilficult t« 
observe, and, wben recognised, they are perhaps susceptible 
of more than one interpretation ; hence have arisen coiii- 
flicting statements of fact, and differences of opinion, at 
present irreconoileftble, which future inquiry alone cui 
rectify, and which in the mean time otTiiT serious obstaolea 
to an attempt at generalisation. Iu what follows, nothing 
mure is intended than to bring together, under a few beads, 
the more geueml &LCts as yet raaile known respecting the 
formation of the animal textures, in so for as this may be 
done without too much anticipating details, which can only 



'h BemBk had Lcidj affirm th&t the carpos'^le of cartilBee com- 
spondt wttli the pHmordiBl utricle of Tcgetnble tlsann ; tho cbondrin- 
■abattnce being homoluguus witb the vegeUblu cell-wall and inter- 
c«llulu ti»ne. This ijtw ia adopted by Mr. Huilej, in the paptr t) 
wbicb rgference Iiaa already been midc, 




FIXED VERTBBBS.— THE 3ACKUM. 



body ia thicker anteriorly than posteriorly ; and tha trans- 
rene process (parapophyais) thiak, and rounded, is obviously 
' mmtiiiued into the body. 

B. THE FIXED VEETEBRS. 

Some of the vertebra at the lower part of the column lose Pin 
by their nnion into a single mass (the aacrum) that ohnracter [j,™ 
of mobility, iroui which the term verijibra is derived j and luiJ 
others, (the coccygeal,) dwindled to mere tuberolea, the repre- 
sentatives of the IxdieB of the other segments, have few of 
those important uses vhich the complete vertebne serve. 



Fig. 10.* 






^:w% 






TnE 8ACEUM.— OS SACRUM. 

The gacrum, (fig. 10), much tha largest piece of the vert«- & 
bral column, is placed, when the body In iu the erect position, Si 
at the superior and posterior part 
of the pelvis, beneath tho last 
lumbar vertebra, but above the 
coccyx ; and between tho ossa. 
inuominata, where it is inserted, 
in some measure, like a keystuim 
into an arch. 

The sacrum ia placed verj' 
obliquuly. It projects backward-; 
from the upper margin, recwiiiiy 
to give capacity to the pulvis ; 
and it therefore forms, with the 
body of the last lumbar vertebra, 
a projection named the sacro-ver- 
t«btul angle or promontory. Its figure is triangular in its g, 
general outline,— the base being upwards ; it is ooucavo ante- *" 
riorly, and convei posteriorly. We shall oouBidor successively ' 
its surbces, bordeiB, and extremities. 

The anterior or pelvic Buriace, which iB here shown, is aj 
concave from above downwards, slightly so from side to side, *" 
and marked by four traiLsvorse lines,' indicating its origimU iii 

* A lr«iit view of the umum : — 1, 1. Rldees indiFating the place of 
lepanttiDu between the aacrel vertebrn. 2, Anterior ucrsl forunuia. 
3,4. Latent enrftce. 6. A notcb which cantribntoi to form a roramea 
ftr the passage of ths fifth sa^Tral nerve. 6, Surface for camiectiiia 
''h the bod; of the last lainbai rertebm. 7. Artievdsr process OD 
8. Surlafle tor couiieuUon with the cucojs. 
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THE EACEOM. 



toramiiia. diyieion into five pieces. Laterally it presents four fga- 

tnina' (anterior Bscral,) for the tranBmission of the antenor 

mdarooTcs. branches of the ancral nerves ; those are directed outwards 

into grooves which lead from the holes, and il iminJiJi 

gnuluftlly in aire iroiu above downwards ; eitemal to the 

foramina the Hurface gives attachment to the pyiamidalis 

muacle. 

Pmioriot The poaterior or Hpinal stufaoe is narrower than the 

""'^" i anterior, for the hone ia somewhat wedge-shnped from before 

backwards aa well as &om above down. This surface 

is oonvex, and presents along the median line four Email 

emiuenceB, usually connected so ns to form a ridge, which 

Itiiplnei, are rudiments of the spinous processes ; and beneath them 

BUM'S. is a triangular groove, or rather an opening, marldug tie 

terrnination of the sacrul cauol. The margins of the opening 

are tuberculated, and giTe attAchment to the ligament that 

closes the canal ; the inferior [Hiir of those tubercles (sacnJ 

comua, comua) ari^iculate with the horns of the coccyx. At eodi 

side of the median line are two rowH of eminences ; one 

tuborclii row corresponds with the lumbar articular " tubercles," th« 

(two Bou), o^jg,, ranges with the transverse procesaea (parapophyses) of 

the some vertebne. Between these are the four posterior 

fonunliu. sacral foramina, which are much emaller than the imterior, 

and transmit the posterior branches of the sacral nervee. 

Each pair of foramina (anterior and posterior) load fi«m 

latsr-Torto- a single canal within the bone ; and this canal, with its 

^^^ "' apertures, corresponda with the inter-vertebral foramen in 

other parts of the column. 

Uani mr- The borders, or lateral surfaces of the sacrum, present 

inrti; t"o distmct parts, — one superior, the other inferior. The 

superior (iliac) is large and irregular ;' in front, in the fresh 

state, it is covered with cartilage, and articulated witlt the 

ilium ; whilst beliind is n rough and irregular sur&ce for 

the upper the attachment of strong ligaments ; the anterior smoother 

ouLir»ur- part is often named "the amieiilar siirfiife," The inferior 

'"'■ part of the lateral surface,* is thiii and sinuous, and gives 

attachment to the sacro-sciatic ligaments. A small iudentft- 

iho lower ii tiou' terminates this border, which, with the corresponding 

"* part of the coccyx, forms a notch for the transmission of 

the fifth sacral nerve. 

Base hsi The boat or superior extremity, broad, and expanded, 

• wriobn^'^ resembles the upper surface of the fifth lumbar vertebt*. 

Tlius towards the middle it presents an oval surfoue,* oot 

off obliquely, which Articulates with the likewise (" 




THE SACEDM.--IT3 PECnLIAElTIES. 

body of the last lumbar vertebra ; behunl this a triangular 
tipert:ure mtirking the orifice of the Bocml canal ; on each 
aids a smooth convex surface, inolined fomarda, and con- 
tinuous with the ilitts fossa ; an articular process,' concave 
from tide to iide, trhich looks backwards and inwards, and 
receives the inferior articular process of the last lumbar 
vertebra. Before each articular process is a groove, forming 
part of the Inst lumbar inter-vertobnU fonimcn ; and behind 
it is a curved, sharp, and depressed border which bounds 
the sacral canal, and therefore corresponds with the orchea 
of the vertebra:. 

The apej^, or inferior eitreraity,' directed downwards and A 
forwards, presents an oval convex surface, which articulates 
with the coccyx. 

The sacrum in its interior contains much loose spongy Ti 
substance, and its exterior layer is but moderately compact. 
Its oentrai part is also hollowed into a canal (sacral), which Si 



» from above downwards 

triangular form, and gradually i 

canal ends in the large apertui 

the bone between the sacnU cor 

Aiiictdatioiit. — The sacrum 



e bono does ; 
arrows aa it descends. The 
) on the posterior surface of 

articulates with the last ArOoui»- 



lumbar vertebra, the two iliac bones, and the coccyx. 
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The petmliarities of the sacrum are very numerons. 1. Pgcu 
In some cases this bone consists of six instead of five pieces, ^^'j 
and it has been found — but much more rarely — reduced to 

2. Ocuaaii)nally the bodies of the first and second sacral and i 
vertebrae are not joined, although complete union has taken "™ '' 
place in every other part. 

3. The lower end of the sacral canal may be open for 
some extent, in consec^uence of the vertebral aichos not 
having grown together. 

4. In no respect does th,e sacrum vary more in different Tha c 
skeletons than in the degree of its curve. It is difficult tu ^^ 
submit the peculiarities in thia respect to a precise and 
sufficiently comprehensive arrangement ; still, after examin- 
ing a considerable number of skeletons, the minority 



THE SACEnU.— DIFFERENCE IN THE SEXES. ^^| 

iippeored to admit of being grouped into three seta, as 
followB ; — 

a. la one seriea the antcrioi auriace wna comparatiTe))'' 
Btraight, and tlie alight bend whicli eiiated was ainut« 
near the lower ead. 

b. Another group contrasted strongly with the precedi&g, 
— the bone being much curved in its whole length, bnt 
especially about its middle. 

e, A considerable number may bo described as holding an 
intermediate place between tho two foregoing olasseH. Thi; 
degree of curve waa moderate, and chiefly affected the 
lower third of the bone. 

Difference in Uie leares.— -Besides possessing tho ordinary 

' distinctiTe character of oil parta of the skeleton, — viz. more 
regularity and smoothneM of BurfaoB, — the sacrum of the 
female body is, proportionally to the size of the pelvis or of 
the skeleton, broader than that of the male. 

The degree in which the bone is bent has been said by 
anatomiciU writers to distinguish between the sexes ; bnt, 
on comparing their statements, it will be found that they 
are contradictory — some assigning the greater curve to the 
female, others, on tho contrary, to the male. The measure- 
ment of a considerable number of those bones taken from 
both sexes, has shown me that tho curvature cannot be 
relied on as a distinctive character. Tho general remarks 
made in the preceding paragraphs on tho varieties presented 
by the sacrum, with reference to the point in questioii, ire 
applicable either to the female or the male taken singly, 
with only this reservation, that those bones whicb are 
most curved, and which cunatituto the second series in the 
classification there ventured on, commonly belong to the 
male body. 

c- It is said by many good observers, that the sacrum 
usually inclines backwards, from the du'ection of the lumbar 
vcrtebne, to a greater extent in the skeleton of the female 
than in that of the male, — thus retiring more from the 
cavity of the pelvis, and forming a more prominent aacro- 
vertebral angle.* 

• Thii oTjBervaUoii u staled by Blnmenhnch ("QiMichichte nndBe- 
schrsibnng dcT KDochen," S. 314,) to luTebcen Srat omdc by Bauaodoli, 
a Profeuor at Ferran, in the fiftecntfa century. 




THB OOCCTX.— THE TEBTEBOAL COLUMN. 



THE COCCTX.— 03SA C0CCYGI3. 

TheM! bones, whan united togetliov, which i» usually thi 
1 aduanceJ life, are supposed to resemble a cuckoo' 
tiill, and are therefore called coccygeal (nDiiicff, 
a cuckoo). Most commonly there are four of Pig. 11.* 
them, Bometimes but three ; in a few instances 
Rve have been found. They diminish gradiudly 
in size from above downwarda, so that they 
liavo, when taken together, a pyramidal form. 
Aa they nre placeil in a coutinuoua line with 
the inferior third of the EBcmm, they form a, 
slightly concave aurfaCB anteriorly, and a co 
posteriorly. 

The first of these bone*' resomblea, in some 
the last vertebra of the sacrum. Its body is small and oon- 
^^^ve at its upper aispect,' which articulates with the extremity 
^Kw the sacrum ; posteriorly, two small processes, termed 
doniua,* project, and rest upon the sacral comua. The 
margiua (shoulders, as theae parts have been named,) of tlie 
llrst pieco project outwariis, and joining, in some coses, with 
the sacrum, construct the fifth sacral foramen— as eiempliliud 
in fig. 16, B. 

The second bone of the coccyx ia somewhat square ; the 

ftd oblong ; and the fourth is a small rounded uodulc. 
ArtietdatUmn. — Its base articulates with the sacrtmi, and 
advanced age becomes bluiidod with it. 



THE VEaTEBRAL COLUMN. 



ccrtfbral eohimn (colamua vertebralis, rachis, spina,) Vertebnl 
is formed by the bodies of the vertebrie, except those of the S^^^ 
head, and is situate along the median line, at tlie posterior ttnuud. 
part of the truuk. Anteriorly it presents the form of un oeium] ap- 
irregulor pyramid ; i>oateriorly, a series of elongated pro- P»»«"«>"- 
cesses (spiuie), disposed regularly the one beneath the other, 
from which circumstance the term "spine" is derived. 
Viewed as a wh<)le, it resembles at first sight the shape of a 
l<ing bone, but it is very difiurently constructed. As it It pr-fi thi 
receives the weight of the head and trunk, and transmits this "'' ' 
to the base ou which it rests, it requiies to be firm and 

■ The antorior Burfaca of Uie cocti. 



K9 VERTEBKAL COLUMH.— ITS FOBil AKD CPBVES. HI 

resjating, ita power of resistanco inoreaBing gniduallj £rom 
1b nio«- above ilowuwards. Boiog the centre of all the tnoremeuta 
*'"'''' of the body, it must bo aa pliant and fleiible as a bow, 

sod proiBcii hut yet firm, in Order to give adequate protection to 
thcoord. ^]jg apinal cord which it Incloses, All these condition» 
ore attained by its being cuule ap of BecBral sinall pieces 
united by an elastic Bubstanco, the motion peimitted 
between eAoh pair being alight, while the aggregate at all 
is considerable. 
Iti lonBtli ; Ijengih. — The average length of the column, is equal to 
diiBnaiiio about two feet two or three inches. Ita length does not vary 
'r th"'Srt '^ different iwrsona as much as might be anticipated from a 
compariBon of their stature ; the relative height of indi- 
viduals depending more on the length of tJiu lower linilM 
than on that of the vertebral column. 
Fonn, Porm. — Its form is pyramidal — rather it consists of two 

^^^J^' pynuuida joined by their baaea ; the upper one being fonoed 
1^ the moveable vertebne, the lower one by the aaanim 
and coccyx. The upper pyramiil, howevet', instead of 
tapering regularly from the top to tlie bottom, beoomM 
narrow in the upper part of the dorsal region ; it is 
dthorsuh- most narrowed about the fourth dorsal vertebra. Above 
this point the column has been held to aibuit of snbdi- 
viaion into two pyramidal parts, meeting by their baaefi 
about the first dorsal vertebra ; the apex of one being 
the vertebra dentata, that of the other tlie fourth or fiftli 
dorsal vertebra. 
Cii™. an- rfte ctimea. — When viewed in profile in the natural state, 
iKMUrior; it presents four curves depending, eicept perhaps the lart, 
on the different degrees of thickness of the inter-rertebnl 
substance in the different regions. The curves are directed 
alternately baakwarda and fom'arda ; in the neck and loins 
the convexity looks forwards, in the back and pelvis it is in 
the opposite direction (fig, 11 a). 
UiMBl ; Iti A aUght degree of lateral curvature ia njao observablo in 
most cases in the dorsal region, the convexity of which ti 
directed towards the right side. The older anatomists 
imagined this to be produced by the action of the aorta 
beating against the left aide of the column ; but Bichat 
attributed it to the cfiect of muscular action, and explained 
it in t!ie following way : — As most peraons are dispoaed U> 
use the right arm in preference to tlie left, the body is 
curved to the left, when making efforts as in pulling, t<a 
the purpose of giving on additional advantage to the musolai^ 
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VEETEBRAL COLCMN.— IT8 PARTS. 

and ennbling them to act nith more ponrer 
which they tire attached ; and the 
habitual use of this position gives riae 
to some degree of permanent ourra- 
ture. In support of this explanation 
of the fact, Bdulard hag stated that 
he found in one or two individuals, 
who were knciwti to have been left- 
handed, the CDuvoxitj of the lateral 
curve directed to the left side. A 
further confirmation of the correctuess 
of this view is afforded by an observa- 
tion nuule by Profeasor Otto.* In a. , 
case in nhit^ the aorta arched to the 
right instead of the left dde, he found 
that the curve of the vertebral unhuuu 
had the usual direction ; so that the 
groat vewel was connected to its con- 
vesity ; it is stated, too, that the right 
arm was more muscular than the loft. 

For a detailed examination of ita 
parts, the ootumn will bo coiiwdered as 
presenting an anterior and a posterior 
amface, two lateriJ surfaces, a base. 
Mid a summit, each deserving a parti- 
cular notice. The part formed by the 
sacrum and coccyx, having beuu already 
sufficiently referred to, may be ex- 
cluded from consideration in this plaoe. 

The anttrior mr/ac* is broad in the 
cervical, narrow in the dorsal, and 
again expanded in the lumbar region ; 
it is marked by a series of transverse 
grooves convspoudtng with the centres 
of the bodies of the verteVme, and 
in the tntt state in covered by the 
anterior common ligament. 

* a A pUu of (lis oomponenU of the apiual eiilumn. The ccatrci 
ths moimble Terlebnl wginenta nre nambcred from nboie <1d' 
and they are repivcented at a Uttlo diitwicc fnin ono anotber, 
tbey would be Bepnmlal bT ligamvnbiiu ■nbstanoe 
state, c. indicates the suroo with the coccjic b«kiw it. i. mi 
the ridge of the spiouaa prooessei ; and b. the transfcnw procesaot 
diapophjKa in the donal region. 

' "8 ■ " 
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OSSIFICATION OF THE TEnTEBR^. ^^H 

The posUrinr turface presenta along the nioJian line the 
' spinoiLs proceMes, viirying in form and direction, as has been 
already stated: they aie horizontal in the cervical and lamW 
regiona, and nearly Tertical in the dorsal ; in the cervical 
and lumliar regions they coirespoud pretty eiiictly with 
the middle !i:ie, but in the back the spince will ho obeerred 
in many instances to incline, some to one side, eome to the 
other. On each aide of theae are the vertebral groovM, 
extending from the base of the skull to the sacrum ; thcar 
brendth coiresponda with that of the laminie ; they aw 
broad bnt shallow in the neck, and become deep and nanoir 
lower down. Along the grooves are seen the iipaces betveeo 
the laminie, %rhich in the natnrol condition are filled up by 
the yellow ligaments. The breadth of these intervals is Terj 
trifling in the neck and in the greater part of the back ; it 
increiises in the lower third of the dorsal, and still more io 
the lumbar region. The interval between the occipital bont 
and the atlas is considerable, and ao is that between the lait 
lumbar vertebra and the sacrum. 

The lateral surfaces praacut the transrerae proceaseg, vaiy- 
ing in form and character in the different regiona ; before 
these are aituate the inter-vertebral foramina, and more 
anteriorly still, in the dorsal region, the articular anrfitee* 
which receive the heads of the ribs. 

The tummlt of the column is surmnunted by a sort of 
capital, (the atlas,) which ia articulated with the occipital 
bone, and supports the head. The base rests on the sacrum; 
and by this bone the weight of the trunk ia communicatod 
to the lower extremities throngh the medium of the innomi- 
nate bones. 

Along the entire extent of the column runs the vertebral 
canal; which is broad and triangular iu the cervical and lum- 
bar TBgions, circular and contracted in the doraaL Th* 
canal may bo said to expand at ita upper extremity into tiie 
cranial cavity ; its lower end is prolonged into the narrowing 
canal of the BBurum, 



OSSIFICATION OF THE VERTEBRA 

General obsertationi on tlie tinie tcAcii ossification Im^I 
1^ The process of ossification begins at different periods 
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KID OP TflK COMMENCEUBNT OF OSSIFICATIOK. 

■ of the Bkeleton, and it becomeH an objeot to 
Mh centre of bonj deposit the time at which it 
i^ipean. This is a suhject of oonsiitorable diflicultv, and a. 
few genera! remarks with reference to it are necessary before 
ileBcribing the oseifiiMttioa of individual bones. 

The accuracy with which the diite of osHification may be Ci 
determined must depend on the exactness with which the 
aga of the embryo is ascertained. But much uuoertointy 
must exist with resjieot to this point, for the cvidonoe ss to 
■tits period of couceptiou is not to be fully relied on ; and, 
the embryo submitted to examination is most 
lonly in a disensed state, and may have ceased to live 
time prerious to its separation from the parent. To 
uncertAinty another may be added ; the 
difference, namely, which actually occurn in the growth of 
bone in different cases. It seems reasonable that the time 
of ossification should be influenced by the quality of 
ition ; the opinion, however, that there is some variety 
long the stages of ossification in different individuals, is 
founded ou such general grounds, but' ou a comparisou 
with another of cases which have fallen under my notice, 
the result afforded by contrasting obsorvationa 
itoly made by myself with some which beajr the 
of having been carefully made by others. It ia, 
'doubtless, in a measure at least, in consequence of circum- 
stances such as those referred to, that so great a difference 
prevaila between the statements of various observers on the 
point in qoestion. These considerations lead us to the con- 
clusion, that the period of the commencement of ossification Canalmi'n 
in a given bono does not admit of being set forth witii o',^"'" 
absolute certainty, especially as regards those bones in which 
process begins at very early periods. As to this part of the 
~}ject, therefore, we must be content with an approximation 
azactness. 

But the relation which the time of the appearance of bony Roiotim et 
piece of the skeleton has to the time of its cmm^SL- 
appearance in another, admits of being stated with more inini id diT- 
acciiracy ; and it will, in our progress, be referred to when- boaat. 
ever it shall appear material. To exemplify what has been 
said, it may be added, that we may not be able to state with 
rigid accuracy when bone makes its appearance in the several 
divisions of the vertebral column, or in the clavicle ; but wo 
can with confidence determine which of them precedes the 
ossification. 



OSSIFICATION OP A \'EKTEBRA. 

1 The observatioaa on the growth of bone in the vertetaa 
"■ will he arranged under three heads, as foUowa : — a. The 
flrat will cont^ an acconut of the common charaotcra of the 
- oaeification of a vertebra, b. Under the second head wiD 
be placed the peculiaiities that occur in the growth of certain 
TOrtebne or parts of the vertebral column, e. lastly, tha 
progresB of osBification in the column generally will be 
reviewed. 
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The proMM Exclusive of certain eioeptiona! cases, to bo Bfterwaid* 

lertolra!° noticed, each vertebra ia formed of three principal pieces, to 

which five small epiphyw 

pig_ 12.* are added at an advanced 

period, and aa if for the oran- 

■*■ ^ pletion of the bone. 

Of the principal pieces two 

are destined for the formatioD 

of the arch and the proceswi 

which project from it (6g. 

12,' =). The body of tlw 

vertebra is produced from 

the third (fig. 12,'). 

Osgeous substance is first observable in the Tert«bn9 

about the seventh or eighth week from the time of eoti' 

ception, and it conanouces in the arch (but not inrariablj) 

a little before the body. 

The osseous granules for the arches make their appearance 
on each aide at the aituation from which the transv^TM 
proceaaes project ; and from this place the formation of bone 
extends in different directions, — forwarda to the body, 
inworda to the spine, and outwards to the tranaverae proooes, 
as well aa into the articular processes ; and thus two 
irregularly-shaped angular pieces of bono are produced. 

* A. Ths three principal pieKS of Ihe Tertobm sre seen to be dutiiiot 
me from mother, b. The lalenl pieces have joined boMuil. Tba 
■inlKinB Mill trusTcnie pmceues remuD cortilagiiioiu at their eada. 
The arch is atjll eepanible from the middle anterinr piece, and ibt 
etrlikge haviDg been removed from th« bod;, the HOriAce of tliia li 
nrnoded, rough, and Geaiired. 

1,2. The lateral pieces. 3. The anterior part for the bod;. ' Uat 
til wpaiation between the lateral pieoes ud the anterior. 
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OSSIFICATION OP A TEETEBHA. 

The siogle nodule from which the greater part of the Tho budr, 
body of the Tertebra is formed nppeais in the middle of the 
CATtilagc. 

At the uanal period of birth the three primary piooes are coudiuoa 
stOl Bepurate. The process of union commences iu the first "t '''rtt. 
year after birth. It commences with the lateral pieces, Pnion bo- 
wliich, at the i«riod mentioned, begin to join behind — in J''"' ""■'' 
the utiuitLon of the spiuoua process ; and by tbi a junction 
the nrch of the vertebra is constructed. 

In the course of tlie third year the central anterior part Tteilimi 
joins the arch ou each side in a few of the vertebne, and &^^ 
the junction is efic'Cted in such a manner that the body Bod; of 
ifl formed from the three original centres of oaaiflcntioa. 7"" ,11°" 
Each end of the arch contributes a (small angular portion 
(fig. 12, B). 

Bpiph'jsaf. — The sinnons process projoota backwards from Epphjaa. 
the point at wliich the lateral pieces have joined, and 
no further change 

occuri eicept the Fig. 13.* 

general increase of 
the dilferent parts 
of the vertebra and 



the 



of 




osaificatiou from tlie 
primary pieces, till 
about the age of pu- 
berty. If the bone 
is examined before 
that period it will bo 
found, on stripping 
the cartilaginouB ends from the transverse and spinous pro- 
cesses, that the cells of the osseous structure are exposed ; 

* Tbese Egorea aro intended to show the epiphyses of a rortrbra. 
Tliat marked c rcprewnts a Jonal TErtclira. Tbe epiphyses of tlie 
proc«>MS are drawn xlightt; awaj from the reM of the boDe. I>. The 
arch and proce&Bee of a lomlar T^rtebra, vith the epiphywa. These 
nre somewlut elougateiJ, cuTreapoiiding to tbe proceasea wliich thej 
cover, but the bone having brtn viewocl from above, (inly their ends 
•nme nmlcr the artiBC'a eyt ; nod thia rircnmstaoce vtU account for 
their anall siie in the drawing. ». A front view of the body of a 
vertebra to eihibit the thin epiphyses which belong to ita upper and 
lower mrfaees. 4, fi. The ends of the trausvens proeefiaes. These 
procesaes lue not nnmbered in Ggnn D, 0. Spinoua proceaa. 7, 8. 
The two ipiphyses of the budj ; the flat anrfaeo of one is aeen in lignre 
i the «dgn of both are marked Id lignre I. 6, 10. Epiphyses of the 
"cukr tubcrcliia of a Inmbar verlebnk 



PECULL4KITIES IN TDK GROWTH-OF THE ATLAS, 

and on sepamtiog the bijdieB of the vertebrw, the on* 
&om the other, the cartilE^a, vhich atill belong to tludr 
' upper and lower Eurfactis, remain adhereut to the inter- 
vertebral substance, and the DBSeoua part is rough, fissured, 
and wanting at its circumference the angular shape and 
dense exteisal covering which belong to the perfect banv 
(fig. 13, B). 
r paid- At the age of about iiixteen jears, separate oaseoDS poi&tf 
ti^ei be^ to be observable in the cartilaginous ends of tbr 
lull up- transverse and spinous processes, and they ulUmatelT' cow 
and complete theprocessea (fig. 13, c,'"). At a later period, 
soon after twenty years, two thin oircuLir plates bc^;in to be 
furmed, one ou the upper, the otbor on the lower auiftoB of 
the body, at its circumference (fig. 13, o. b/ "). 
irjudc- AU the secondary or accessory pieces baring jMned, tin 
ipletina bone is completed before the thirtieth year. — The epiphjMt 
he vo[- of ^e transverse and apinoiis processes usually join beAM 

those wliicb belong to the body of the vertebra, 
snffc- The arninffcment of the osimiis atrxittun is not tho am* 

ixoftho jn jjig difjerent parts of a vertebra. The arch koA AI 
ictun. processes projecting from it have a thick covering of coaxfak 
tissue. The body, on the contrary, is composed hm^ 
oltogctlier of spongy substance : this part of the boue, when 
Cglbud sawed through, will be found to consist of cells bounded bj 
^■^jj thin plates of bone ; and it contains large canals for tbt 
lodgment of veins. The canals differ somewhat in dis- 
position in different cases, but they will be found to have the 
same general direction from behind forward, nidiating with 
more or less regularity frora the large forauiiua oa Iha 
posterior aspect of the body. ^k 



PECOLIAErriES IN THE GHOWTE OP CERTAIN ' 



The vertebrte which require separate notice, by reason of 
some pecuUaritieB in their uiauuer of growth, are the first, 
second, and last cervical ; those of the lumbar i 
together with the sacrum and coccyx. 

THE ATLAS. 

The attof is usually formed frora three principal o » e <ni» 
nuclei The oaaiiicittion of tho lateral parts of the vert«bn 
(fig. li,'^ commences at a very early period. 



AND OP THB AXIS. 

At birth, the interval between the articular processes of et 
tbo vertebra at the an- ^^ 

tnrior part of the bone pig. n.» 

is alU^ether cartiln- 

ginoua, aud there is B 

a smaller space pos- 
teriorly between the 
two laterul pieces (fig. 
14, a). 

The niicIeUB for the 
anterior port (bed)', _ 

fig. 14,') apjteiirs simn afW birtli, vciy rarely, if ever, before 
that period. But the oesification in this spot sometimes 
proceeds from more than one centre. According to B^clard, 
two occur in the proportion of one instance in four or fire ; 
and Albinusf and J. F. Meckel^ observed each a case 
in which there were three granules in tlie aituation men- 
tioned. 

The neural arch is formed by the junction of the lateral T\ 
pieces, between the second oud third years ; and it joins the " 
. anterior i)art at the ago of five or six years. 

There is f^quently a small epiphysis on the posterior £; 
" !, or spine. 



I . anterior ; 
Hteberde, 



Pig. 15-5 



vertebne. The pocu- 
Uaritias occur in the 
anterior part, which is 
developed from three 
points or centres : — one 
being destined for the 
lower part of the body, 
the two others for the 
odontoid procees and the upper part of the body 




ig.l5, ' 



* The Etiu ii seea from above in bctb fignrei. k. The lutecat pie»a 
are sepaiitted by a eartilagiaoiu interval in froDl and btlund. b. Tliis 
figure iB intended to Bhow ■ nuoleoa in the anterior i*^t. It hai been 
modified bum oae giveii fay Eerckringiiu ia his STth piste. 

t "IcoDwOHiom Po!ta8,"p. 0?. 

t "ArobiT.," ftc. Bimd 1, S. 6J8, and Tof. ri. 1815.— Meckel's 

e Lad tbe additional pccuiiaritjr of n cepaiate nitcleiu interpOBcd 

ween tbo lateral piews porteriorij'. 
' i Tbe aotenor aaijhce of tbe axis is represented in both Jianingi. 




PECULIAKITIES L\ GROWTH— OF SEVENTH CKBnCAl, 

These nnclei appear about the fdxth moDth of fcetal life, 
the lower single one preceding the others bj a short fpace 
of time. The two superior, lying on the same horizoiit4l 
plane, enlarge and join l«fore birth. At thiB period tin 
nzis consiata of four piecsB — -the two lateral and two 
anterior (b, ' ' ' '). The body and odontoid proce^ ( 
and fotinb a HJiigle mass about the fourth year (second or 1 ~ 
Mokrd). 

THE NEVENTH CEKVICii VEBTl 

The anterior root (parapopbysia) of the ti 
of this vertebra is frequently, if not constantly, fonned 
torn a separate osseous nucleus, which unites on the ona 
hand to the body, and on the other to the poBterior toot 
(diapophyais) of the same prooess. The time of the ap- 
pearance of this jKiiut of ossification is atuted by B^claixl 
to be the second month of fiBtal life, but my own obaerva- 
tion would leud me to set it down for a later period — tike 
sixth month. It is united to the rest of the bone aboat 
the fifth or sLsth year. 

Occasional instances occur of the continuancu of tUi 

li, process as a separate bone, and in sitch cases, — being length- 
ened to an extent which ■varies in different instances, — it 
forms what hns b<«in termed a cervical rib. * 

Meckel t al^o observed separate centres of ossification in 
the corresponding xmite of the transverse processes of the 

. second, fifth, and sixth cervical vertebnc These were^ 
however, of small size, and in some instances did not form 
any part of the foramen for the vertebral artery. 

A. The three naclei for the anterior part are here Hhown. In b. four 
pieces ar« leen coancclcc! liv caitilnge.— 1, 2, The blcrd pieces. 3. 
The nneteua for the lower port of the Uxly. 4, 5. TLum for the 
odontoid process snd the upper part of the body. 0. The iilagle pieea 
raultiug from the juuctiou uf 1 and G. 

* Two eiBioples of the oerriiial rib are deicHbcd iu ' 
of the Arteries, with iU applicstious, " tic, bj IL Quft 
187, and plata 25. J. F. Meckel ("ArchiT,," ic. h. I, Taf, vi, 
ISIG.) has fifptred a ette membling one o! those in the cirramataiiM 
of the cad of the cerrioal rib b^ng coouected to a proiniaenDe on the 
£rtt dona] rib. ' 

i- Loc. oitat. ; and "Jonmal OompUment. dn Dirt, dea f 
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OP LDMBAa VKBTHBa*; AND OF SACEUM. 



In ftdilition to the ceatres of osiiflcation which beloDg to i^mbu 
the TertehriB generally, in the luinbarregion each bone has ^g™JjJS 
two anwill epiphynes for the " tuborcles " (diftpophyaes) that additlonn! 
project from its superior articular proce&sea (fig. 13. d,° '"). '™ ''*"* 

The trnnsVBTSe process (parapophyBia) of the body of the 
first Inmbar vertebra ia sometimes obsorved to !« <lcve1oped 
altogether from a separate centre. The perBistence of a i.umbM 
process bo formed, lui a iepwato piece, wonid account for ^^i£" 
the existence of a lumbar rib, — examples of which have 
occasionally been met with. 






oa SACKUsi. 

The sacmm results from the union of five vertebne. In Sai 
the manner of their ossification these do not at an aarly en 
perioil differ from that of the vertebiiB in other parts of "** """' 
the column. 

The lateral pieces join behind is each to constitute the Tho orde 
ikTch, and Bubsequoatly become united to tho body i 











manner of other vertebra; but the order in which this 
junction occurs in tbu different pieces is deserving of notice. 

t sUtgea of the asHiSeation of tbe 

itos whieh h«d not rewhed the sixth 

inly the nacloi for the baclies. In fig. a, 

<eriod of birth) thrue adiUtioDKl onclei are 



O3SIFICATI0S OF THE SACRUM. ^H 

The procesH of union commences in the lowest rertebn, 
and progrea^ively estenda upwards. The parta of the fifth 
are joined about the second year ; while thoae of the fint 
are not hlended into a single piece before the fiflh or siitJi 
year. 

The sacral vertehne remain separate one from anolhtr, 

55J° being united only by cartilage and the inter-vertebral sah- 

atance, till about the sixteenth year. At this period 

epiphysoB begin to form ou the middle part or body of 

each sacral vertebra, which are Bimilar to those on the like 

part in other vertehrffl (v, ' ^. 

r About the time liutt mentioned (the eighteenth yetu) the 

I fourth and fifth vertebne are joined the one to the other ; uid 

•■ the process of union gradually proceeding upwards (fig, 1 6. c). 

renchea the first two from the twenty-fifth to the thirtietli 

a at Lateral part of the tacnim. — Tlie portion of the eacnmi 
external to each Intend row of a^iertures, is construDted of 
processes that grow separately from the rest of the boat, 
and correspond with the transverse processes of the lumbar 
vertebne, as well as with the anteiior root of the so-called 
transverse processes in the neck, 
time or their These pieces or transverse processes of the bodies of tlw 
appearaoM, vertebrsa (pnrapophyses) appear as osseous points between tin 
in firit f'.ar sixth and the ninth month, there being two for e»uh of the 
verts no. gj^^ fourvertebrse ;* and the centres are deposited from aboro 

down — the highest appearing first, and the lowest lost.'t 

How Urn; Between the third and the seventh year they join tha 

S^lmo. bodies and the neural arches of their respective vertetro, 

and about the eighteenth year they blend together to form 

the solid piece that articulates with the hip bone, 

Erli>hyB<ii to Each side piece of the sacrum receives in addition at i 

deposited on eaeb side, close to Ihe sscral fgramina. The coccyx bsi 
DO oaufio point. Fig. o. in from a bod; agod about twBUt;-fiTe ;Mit. 
Epipfaysei hn Tisible on thp lideB of tbs bone, and are BliSl apiKunit 
on ihe bodj of the flrat TertebiD. The lower vertebrce have oompletdy 
joined, while the firrt two aia bat partially anited, — 1. The body. 
2. Nndei peculiar to the socntm. 3 3. Epipbysei for tbe body of > 
ucral Tert«bta. i i. Lateral epipbyses. 

' So Kpocate ceatre has yet been seen for the fifth saeial vertelna, 
anil it is therefore aoppoeed tbst the transverse process of tbLs •egmsnt 
is produced from the centre for the ossificaUon of the body. An aceooBt 
of the growth and nature of tbe prucesBcs «iU be foond ia tlw 
" Report of the Seventh Meeting of the British AasOciaUoo," in a oon- 
mumcation liy Hugh Corlile, M.B., T.C.D., 1387. 

t These processes oie sometiioeB called " saoal ribs." 



THB COCCYX, AND COLDMN GEKEBALLY. 
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l&ter period a thin flat plate or epiphTBJB, which nppeare 
to be divided into two parts — one rencliing ovar the firet 
three vertebne, and the other connecting the last two (c"'). 
The iMsificatioa of thia lateral epiphysis beginH about the •nmtait.p- 
eighteenth or twentieth year, by Reveral irregular granulea, i*""""; 
which increase and coaleace ; and it ends at the thirtieth irtign joiiu 
year, when the epiphyaia becomea part of the bone, and **" '"'"■ 
the growth of the iacrum is completed. As the sides of 
the sacnim are formed by the enlargement and union of the 
transveree procesges of its vertebrte, m may the lateral 
epiphyses be taken to represent the epiphyses of those 
processes, — altered indeed, and, aa it were, fused together. 



£ach of the coccygeal vertebrie is usually ossified &om a Ci 
single centre ; but occasionally one of the first three is m 
found to contain two granules, placed eiia by side. A ^ 
nucleus appears in the first piece about the time of birth, 
or in the course of a few montha lifter (fig. 16, B. note). 
The periods asaigned by B^clard for the ossification of the 
other coccygeal vertobma are the following, viz. for the 
second, ttom five to ten years ; for the third, from ten to 
fifteen ; and for the fourth, from fifteen to twenty. Aa 
ago advances the bones unite in pairs, the first to the Ti 
second, the third to the fourth ; and at n later period of ^ 
life, they are formed into a single piece by the anion of the 
second and third. Lastly, the cocoyi becomes joined to 
the end of the sacnim in old age, and this is said to occur ^ 
loaet frequently in the female. 



In the obaervntionB on the growth of a ungle vertebra Liko paru 
the dat« at which the osseous points appear for the first time ™i5t pe-'*''' 
in the column has been mentioned ; but inasmuch as the rinds alaiig 
same parts do not begin to ossify simultaneously throughout juniX'"" "' 
the spine, it becomes necessary to review the progress of 
ossification in the vertebral column as a whole, for the 
pnrpose of indicating the difibreucea that e^dst in these 

_The ossification of the lateral pieces begins at the upper TtiDloUnl 
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end of the column, and gradually proceeds doimirards to ita 
opposite eud. 

In the bodies of tlie vertebra: the deposit of bone fint 
^ occurs in the lower part of the dontal region (about tlw 
nintlt dorsal vertebra), and from this the process is extended 
upwards and dowuwiirds, roocbiDg kst of all the atlaa tt 
one eitremitj, and the cucuyx at the other ; for both thete, 
as has been previously stated, do not ouify till after birth. 
But it is to be borne in nund, that though the nuclei of the 
lower dorsal vertebne appear first, they do not long ountinve 
the largest. As growth advances they are surpassed in aiie 
by nudei below thom, and in the full-grown fcttus LheM 
are largest in the lower lumbar and the first sacral vertebis^ 
In £ict, their relative size at this period corresponds wiUi 
that of the fertebrie. 



THE B0NE3 OF THE SKULL. 
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s The skull, like thu spinal colnnm, is formed of a 

''' number of vertebral uegments, which however are a! 
movable, and specially modified for the reception of the btaio 
and the oi^ans of the Henges, In it there are four vertcbne, 
viz., an occipital, a parietal, a frontal, and a naaaL* 

Considering for the present the skull as a compound of • 
number of separate pieces or bones, it has a sphenndal 
figure, compressed on the sides, but broader behind thm 
before, and ia supported by its base on the vertebral oohmm. 

^ It is divided by anatomists into two parts, the cranium uul 
the liice. The former is composed of eight bones, vi*. th« 
occipikd, two parUlal, the frontal, two temporal, the apJw- 
nwi, and the ethmoid. The latter is made up of fourteen 
bones, viz. two superior ntaxUlary, two malar, two osm nati, 
two oasa palati, two oaa unguis, two inferior turtiinaltd 
bones, the vomer, and the inferior maxilla or mandible ; the 
frontal bono is so situate as to be common to the craniuii) 
and face. 

«■ The bones of the ear and the tooth are not included in 
this enumeration, as they belong rather to spec 
to the skeleton considered as the frame-work of the h 



The ocdpital bone, hgs. 17 and 18 (os oooi[iitis), is B 



THE OCCIPITAI, BONE. 



ftt the poetorior port of the blue of the skuU, and i 
behind, but much nar- 






Fig. 17.' 




rowed before. 

To phtce the bone in liow placed 

its natural podtion, hold ' ^" 

it BO that tho great 
fonunen and tho articD- 
latiag proceasee beside it 
ahall look direutlj down- 
irarda ; the tbiuk proceaa 
in froiit of the foramen 
will tliim project for- 
wardH into the base of the 
skull, whilst the broad 
expanded part behind it 
arches upwards and a 
little forwards, forming 
the poflterior part of tho 
cranial cavitf . 

Exltmal auT/ace : this ia ooaves in its general outline, The ™i*i 
and presents a little above its centre a roagh prominence,' ■"'*™- 
the extcmut occipital protuberanef ; but between this and R^itrniii] w 
the top of the bono it is amooth. Eitending obliquely Sb!^C 
outwards at each udo from the protuberance, is a. rough 
line,' called the mijmrvT ritrmd tine, to dintinguiiih it from Bnrar, cun- 
another, which is lower down between it and the great " 

foramen, called the inferior enrvtil line ; ' both are pro- Inferior 
tuinent, and give attachment to muades, as also do ™rvBd Un*. 
the rough depressions between them. These are crossed 
by a vertical raised line, the eAernal occipital crat or Eitornsloc- 
tpine,* extending forwitrds from the protuberance to the °'P"'' "*"■ 
foramen. 

The occipital foramen* (foramen ninguum), which is of an Fonimeii 
oval figure (its long diameter eiteniling from before back- ™"(P"""' 
wards), gives tr&DBmisiuon to the spinal cord, the vertebral 
arteries, and the spinal accessory nerves. 

At each aide of the foramen, but near its anterior part, Condyles 
are situate the articulating processes ' ' (fondyks), two oblong 



* Eitemal or CDtaaeoiu surface of tbe occipital bone. 1, EiUmal 
otcipital protuberanie. 2. SupBriot curved line. 3. Inferiar ciirrud 
tine. 4. Gxteroal ooeijdlal crest, fi. Fonuuen nugotun. 0. Cou- 
djta. 7. Surface f«r thu attaclmieut of ligamcuU. 0. Puetariot 
mndjloU torwDina. 10. Bougb projeolioii oorresponding to tho lniii»- 
TCTK proceu of n vertebra. 



THE OCCIPITAL BONE. 



wlitcli articulate with the fiist vertebra. Tbev 
couvorge from behind forwards ; their inferior surfaoe, which 
in the fresh statu is smooth, covered with cartilage, and 
convex io its goaeral outline, looks ilownwanls and out' 
words, and is adapted for moving on the coDcave mi&ot 
presented by the urticuliitiug processes of the Atlas. Hie 
inner border of each condyle ''is rough, and receives the 
insertion of the check ligaments, which extend up from the 
odontoid process of the aiia ; the outer border, deiweand 
and not so well marked, gives attachmeut to the ligament 
connecting it with the atlas. 
In front of each condyle 



Fig. 18.« 



fig. 18," 
anterior amiiyhUl, wtuob 
looks outwards and fbr- 
wards, and tranamiti 
thu hypoglosial nerre ; 
behind each is also ■ 
largo pit, in which i* 
sometimes found a. fon- 
men ° ' (piisferior cotuif- 
lind), wltich gives paHiage 
to a rein ajid a nnall 
artery : sometimes a fan- 
men existsatthe oav aids, 
.iiud not at the other. 
External to each condyle 
ia a rough nodule," " 
which overhangs the 
tniiisrerse procetoes of 
the vertcbrw, of irhid 
it may be regarded as the representative ; it gives insartioa 
to the rectus lateralis muscle. 

The Uitental siw/oce of the bone (fig. 18*) ia marked by 
two crudal raised tinea or ridges (lines crudatm emineottt), 
— one vertical, extending from the upper angle of the baiM 
to the large foramen ; and the other transverse, crosung tlie 
middle. These intetaect towards the central point, " 

* The «cci[iital bone - iu iotemal or c«rebrs1 sarfncie. 5. Fanmea 
■nagnnm. 8, Anterior coitilyloid fomminiv. S, The sujierior uiglb 
11. iDtern&l occipital prDtabnaace. 12. Saperior occipital fbaHS. 
13. Infurior ocoipitil foasE. H. Upper divisioa of tha crndal ridgM 
groarcd for the longitiidinHl udui. IS la. Trauverse parte of tane 
grooved for the lalcrai sinueeB, 16. Intenul occipital crest IT. U 
oppcaite the b»iUt groove. 18. Groove for tlie end of the L 
sbns. 19. Basilar proceee. 20. Jugular emiaen 
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OCCIPITAL BONE— IT3 OSSIFICATION. 

(internal ocdpital protuberance,) and mark off four broad '"J]"^ " 
pita, of ifhich the upper pair " " (BUperior occipital fosue) taWsuio. 
receive the posteiior !al>ea of the bndn ; and the lower " " 
(inferior occipital fossie) lodge the kteial lobes of the cere- omipitnl 
belliun: the Bupeiior line " and the two tranaverao ones"" '""■ 
are generallj grooved, and correspond with the cowse of 
the longitudinal and lateral Bimiaes. The inferior one," 
vhicb is commonly named the internal occipital spina or internul o* 
ere«t, gives attachoiont to the falx cerebellL The anterior 
border '' of the foramen magnum is blightly excavated, and 
becomes eontinuouH with the bcaUar grooce, a shallow exca~ BuUar 
vation on the aurface of the basilar process, which supports E™"e> 
the medulla oblongata ; close to the margin of the foramen, 
are the anterior condyloid foramina, and a littlu external to 
these are two foBsaj," " marking the temiinatjuo of the 

Tlie thick triangular process" which projectn forwards Bn.-ilAr 
into the base of the skull from the foramen, is called the p™™*"- 
hatUar process. Its margins are rough and contiguous to 
the pars potrosn of the temporal bone ; its undur surface 
presents slight dejires^ions for tlie insertion of mufloles ; and 
the upper one the shallow groove just noticed. Along the 
lateral margin of this groove, and close to the edge of the Petro«iii 
bone, is a linear depression, which forms part of the sulcus S"Myo. 
for the inferior petrosal sinus. 

"nie boriZer of the occipital bone is seriated, and its Tho mar- 
upper angle or point ' is often intemipted by liony islets s'"- 
(OSM triquetia — Wormiana). - luferiorly the serrated edge 
tarminatei at each side in a prominent piece of bone, *■' -'" 
■^le jugular tmUnCTux, wliiob siu^nouuts on excavation (jugular joguiur 
h or fossa) contributing with the tempoml bone to form o^in™"- 
B foramen laceruta jugulare. 
In some jorts the occipitjd bone has considerable thickuesK, Varinus 
J cqiecially at the occipital protuberance and the anterior " '"' 
Viptrt of the basilar process. In the lower occipital fossa it is 
" -raiythia 

ATliadatUm*. — The occipital articulates with si.-! bonos, ArtlmUln j 
B "^ia. witli the two parietal and the two temporal by its border J^J^' 
— with the sphenoid hy its basilar process — and with the 
atlas by tlw condyles. 

OitiJUation of the uceipUal hune. — During a oonaiderable OMiB< 
time before and after birth this bone consiata of four pieces, j^,^ 
— namely, the jioHtorior, proper occipital or prond part : the 
or basilar: and the two lateral or condyloid (fig. 19, b). 



OCCIPITAL BONE— ITS OSSIFICATION. 

These pieces meet aroimd the foraiueu magDmu. Eachfl 
them requires Beporate notice. 

Kg. 19,' 




Period oi Tbo osaificatlon of the occipital bone precedes tbnt of thv 

lonm- yertebfie u, tiig tjme of jta appearance. It bogins with the 
The p«ta- proper occipital part. For this diviaion there *re four nuclei, 
luoleL which are placed in pairs above and below the oc<dpitttl 
protuberance (fig. 19, a'^. The two inferior nuclei ftppou 
first, and soon join into a single piew. The superior pair of 
granules unite one to another also, and the two pieces, t hni 
resulting from the four primitive centres, joining i 
form a single mass.+ 

* The occipitnl bone at different periods of its growth, — 
atnut the tenth wetik. and at the ordinor? period of birth. The flj 
marked a, hi' been oopicd from one pabhihed bj Ueckal b 
"ArehiT." (B. 1, Tnf. vi.) The four niicki of tho posterior or p 
part of the bane are shown, — the two lower being tha n 
Qerma of oesilicatJOD ikre obaerrable in the cond;l<ud pit 
Done apparent in the basilar part. 

t J. P. Meckel ("Handbnch der Menschlich. Anal" E S, ( B 
asaigna eight primitJTO gtannlea lo this part. Fonr he m&kca lo d 
spend with those desoribed in the teit. Of the other four, 1 
two dose together st the upper nngle of the bone ; and the re 
two, one at each side, opposite the transverse crucial line, in it 

Judging from the usual appearance or texture of the upper and 
lateral paiti of the ocupital honeatcorlj' periodn of its growth, it ntifiiiis 
to me to be most probable thnt the four pointd found by Meckel in il* 
angles do not occur coDstantly, or eren gcnvrally ; and if >o, mMj tbej 
not be regarded as the csntrBS of some of those separate pieces whieti 
are often to b« niet with in the neighbourhood of this boaaf I 
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Soon after the pogterior part of the bone, the t*" H? "S**?! 
condyloid pieces begin to ossify (a, *), and they are followed jUm piMu 
by the bailw portion. Each is formed from a wngle central J|J^„'^uj. 
poiDt. It is to be observed, that the condyles of the occipital 
bone are not supported altogether on the pieces named condy- 
loid ; — a small portion of each is borne by the basilar pa]*t. 

At birth the four pieces are distinct (fig. 19, b, ''"), atauotiho 
anil the posterior one is partly divided by deep flsaures iatOi. 
(two being borizoutol and one vertical) extending from the 
circumference towards its middle. 

About the fourth year of age the process of union begins Tho R^*^ 
by the junction of the posterior and the two condyloid pieces, tbgiriBsu 
snd the bone is a single piece about one or two years later, i"'"- 
Subsequently the occipital unites with the sphenoid bone, bo Cnlon witli 
that, in the adult, the basilar process must be sawed across ^MS "^ 
in order to separate them. And it was in consequenoe of 
this drtHimstanca that StBmmerring described them as a 
ain^e bone under the name spbeno-occipital or basilar. 
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The parietal bones (os 
form a princi]>al part 
of the roof of the skull J 
they ore of n square 
form, convex eiter- 
nally, concave inter- 
nally, and present each 
two surfaces and four 
bordera. 

The hone may be 
pLtced in its natural 
position by putUng for- 
wards and downwards 
the thinnest and moat 
pointed angle,* and 
turning outwards the 
convex surface. 

The external surface. 



parietalia, verticis, bregmatis) Pirtsial 




. 20, 1 



i towar<b i 



•rouM adil. u facU beanng un the queation, that an inilegKodeiit 
lutenl nucleiii eiUBted otil; on oat (ddci of the preparation h; which 
Meckel bmidi to hare been influenced in formuig his opinion on the 
Dumber of the oeotrei of OHJfienUoti (see the figora in hit "Arehiv. 
fdr die Phjriolog." B. 1, T«f. vi. — 18151 ; and that tho upper part of 
the hoDB is occasianaUj altogether detached. 
• The parietal lone ; its eonTes Borfm:g. 1. Piuielal emiaeace. 
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' where it presenta a slight cleration, called the j im tU t 
Eminence;' below this b a curved line,'- coDtinuoui with llw 
temiKiral ridge, sjid bounding a. flat Huriace (pUnum semi- 
ciroulare),' wbiuh forma a part of the temporal fosaa. At tbe 
upper aad back port of the bune, usuallj about two linei 
from the BagitbU suture, ia a. Bmail bole ' (foramen paiietale), 
which tranamite a communicating vein : ita position b 
exceedingly variable ; eren its exisleoce is not constant. 
Tht: inUimal surface of the bone, fig. 21, is marked ly 
branching lines ^nld 
Fig. 21,* meniugei),'** com- 

spoodiug with the 
• ^ coune of the nuddle 

meningeal art<iry, and 
by depreasiona ^- 
pressioues digitals) 
for the convolatians 
of the brain. Towards 
its middle is a hollow,' 
the " parietAl foBBa," 
correspoading with 
the euunence (parie- 
tal) on the outidde. 
Along the superior 
IwrJcr is a Hliglit 
k- sulcus,"' wbich with a similar one in the correBpondilig 
bone forms a griMve adapted to the couise of the lougitndir 
nal sinus ; and in the same situation in most skulls (partir 
cularly those of old persons) are some small pits (fovea 
glatidtilares),' corresponding with the so-niuned glandule 
Pacchioni. 

The superior border in straight, and articulated wiUt it! 
fellow by a series of serrations : the inferior border, ooucaTs 
and bevelled off at its outer margiu, is overlapped by 
the aquomous j^rtion of the temporal l>one ; the anterior 
unites with the frontal bone, and the posterior with th« 
occipital 




icirculare. 4. Parietal 



S. Bcmieircnlar line. 3. FUnum i 
fuiameiu 

* The internal or cerabral mrface of the porieUl Imnp. *. The 
parietal bnunen. 5. GrooTea for the middle meniogeal artery. It. 
The parietal {ona, T. " Snima sinAa longitadiiialis." S. " Fovea 
gUudulkres." 0, The imtcrior ioferior or ■pheaoiilal angle. 10. Tlu 
poeterioc inferior or maatoid angle. 11. "SnlcoaanQa iatetslii." 
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f The (Ulterior inferior augiu '■* dips down to tho great wing angiei, 
t the apbcuoid boue, and prescDU & grooTO " mterQally for 
the miijdle luouiugeal aitery : the posterior inferior angle '" 
articulates with the mastoid pait of the temjmnd bone, and 
IB marked internally by a Bmoll part " of the groove which 
lodges the lateral sinus. 

Artieviatums. — It articulates with its fellow of the opposite CoonBoOon 
Bide, and with the frontal, the sphenoid, the temporal, and bomfc" 
the occipital buous. 

OMyieotiim. — Its growth proceeds from one osaific centre, OmiAm- 
whjch corresponds with the parietal eminence, and is first '"' 
perceptible about the same time us the ossification begins in 
the spinal column. At birth the anteio-superior angles of 
these bones are not developed ; so that there exists an 
interval between them and the still divided os frontis, which 
ia called the ''fontanelle" (fons, bregma). 



THE FEOHTAi BONE. 



fronti^ coronale), situate Frontal 
Fifr 22.* 



The frontal bone, fig. 22 (( 
it the anterior part of 
' a skull, and upper 
; of the face, is 
isible into two i>arta 
rontal and orbital), 

of these 
^Attends upwards to- 
wards the vertex of the 
skuU, forming three- 
fourths of the bone; 
the other, inferior and 
horizontal in its direo- 
tios, is placed in the 
roof of Qie orbits. 
To place the bone 
its natumi position, 

Id it so that the orbital plates shall look downwards, 
the smootli convex surface forwards, 

* The froulfti bone rieired from before. 1. Frontal eminence. 2. 
Sopercilinry ridge. 3. OrUtal inh. *. Eitsmal ingolar i>rMwaB of 
the orbit, 6. Inlemai nagulw process of tlie orbit. I'. Hujira-arbilal 
7. QUIwlla. 8. Staal spine. 15. Part of tto tempomJ 
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THE FRONTAL BONB. ^^M 

Tht frontal part. — Its exUmal mirfaee is smootli, and 
presenta od each side a tilight elevation,' ' named /mnbii 
mninrnce, which corraBponils nith t^e inoet pramineut part 
of the forehead : below this is an arched depresaum, 
bounded below by a prominent curved line,'* called the 
■ supcrfUiary ridye, or areb, which is more or leas pronuneat 
in different iudividuala. Immediately below this ia the 
margin of the orbit (orbitoi oriA)," which is better defined 
towards its onter part, where it curves down to tbu malar 
bone, and forma the external angular process," thna at it« 
inner portion," where it gradually subsides towards the i<oat 
of the nose. Towards the inner thiic] of the orbital arch ii 
a small foramen" (stiprti-arbiUi!), or sonietiniea a notdl 
crossed by a ligament, which transmits the supra-orbital 
nerve and artery. 

Between the superciliary ridges U the tuual emiiitnee/ at 
gUihelhi, which is promiuent in proportion to the size of the 
frontal sinuses : it is bounded inferiorlj by a rough surfHe 
which articulates with the nnsal bones and the ascmding 
proccssex of the superior maxiUee. From this surAce ■ flat 
tlun process,* G«]led 



Fig. 23.* 



tlie (MMoi apine, i 
jocts downwards in the 
median line, and on 
each side of it, on tlM 
under aspect, ia a 
groove correapoDdilig 
to the nostril ; it ar- 
ticulates iu front witli 
the nasal bonea, and 
behind with the per- 
pendicular lamella of 
the ethmoid. 

The infernal nir- 
faff of this part eif 
the bone is concave, 
and on it along the 
median line is a gmon 
(sulcus frontalis), fig, 23,' oorrespouding with the longitudinal 
ainUB. The margins of the groove gradually approach eadi 

* The fraatal bone from liehmd — its ooncsve or cereViml snrfnee. 9. 
"Sulcus fmnlalis." II). "PommeD HMum." 11, 12. Anterior aikd 
pmterior intc-msl orbital grooves. 13. "Fav™ trochloaria." H, 
IiUhrriaal foui, IS. Opaiuitgs of the frontal linusos. 
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(itUer toiranlB the forepart of the bone, and in at 
uuite Eo Dfi to form n ri<l^ (ciista frontuUB) ; but in others the 
groove, narrovreil almoet to a line, contiiiiiea apparent down 
to a hoI« in that position. In either cue the falx is attached 
along this line. The groove tenninatea iu front in a minute 
foramen,"' called foramen emcum, from its having been sup- F. 
posed to be merely a cul-de-sae, but it is in reality perviouB, '™^ 
And lodges a small spur-like process of Che dura muter, and 
transmits a vein which enters the sinus &om the nasal fo^eie. 

The orbital plaiu or processes are smooth and concave at OrWtal 
their inferior snrfiice ; the superior or cerebral is convex, and I™*' 
marked more or less in difTerent instances by elevations and 
depressions corresponding with the sulci and convolutions of 
the anterior lobes of the brain whicli rest upon them. Tbey 
are separated by a deep excavation (incisura ethraoidalis), Ethmalditl 
which rooeives within it the cribrifonn plate of the ethmoid J^" "^ 
bone, and round whose margins are several cells that 
complete the caritiea lodged within the lateral parts of the 
lafit-named bone. In this margin may also be observed two 
slight grooves whioB assist to form two foramina " '" {anU- OroovMtor 
rior and poster'uyT orhHaT), common to the frontal and 
ethmoid bones, whose contiguous margins enter into their 
formation. The anterior one transmits the nasal twig of the 
ophthalmic nerve, and the anterior ethmoidal vessels ; the 
other, the posterior ethmoidal artery and vein. Each orbital 
plate is bounded externally by a thick well-marked promi- 
nence,' ' called the extenui{ angular process ; and intemallj' AnguUrppu- 
by a depressed and smooth one (internal angiilar pTOaa). '"" 
Near the inner one is a slight depression," to which the 
cartilaginous pulley of the trochlearis muscle is attached, and 
which is sometimes named forta trorhlearis. Near the outer ""J ^9*''" 
process and within the orbit, is a depression" for the lodg- 
ment of the lachrymal gland ; the eitemol side of this pro- 
oeaa is slightly hollowed, fig. 22," and constructB part of the 
temporal fossa. ' 

The thickness of the frontal bone varies considerably in V4r<aui 
Ferent parts. The orbital plates ore thin and translucent ; "^•'""^ 
al and external auguliu' processes are thick 
prominent. The upper or brood part is thinner at the 
frontal eminencce than elsetrbcre, if these ore well-marked 
so as to indicate a full development of the imderlying 
cerebral parts. In childhood the two tables are separated 
only by the spongy texture or diploe, as iu other bones ; p^mtal 
adult age, an interval exists between them at the ■'""«• ; 
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middle lino over the nasal proc«s>, and extends ontwaidt 
for Bome way under the superciliary ridgea. Thia interral, 
tha extent of which varies in different individuals, ia divided 
by a bony partition into two parta or cavities," " called the 
froHtid nnwtea ; these are lined by mucous menibnuie, aod 
commumcate with the cavity of the nose. 

Artkidatumi. — The frontal articulates with twelve bones. 
Superiorly with the two parietal ; latemlly and bebind with 
the sphenoid ; inferiorly with the ethmoid, with tbe naatt 
bones, with the ossa unguis, with the ascending prooenes of 
the superior inaxillary bones, and with the nialnr booM. 
The mode of articulation differs ia different parte of its dr- 
ciimfercnce. ThitH, the superior border is found to overUp 
and rest on the parietal bones, whilst towards the lateral and 
inferior parte the exterior table of the bone is bevelled off, 
and is covered by the parietal. The posterior bordur of tlw 
orbital plates, straight and squamous, is in a manner inaecttd 
between the margins of the two ahe of the sphenoid bow^ 
with each of which it articulates. 

Oiiijicatimi. — This bone begins to osaif}' before the reito- 

points, which apponr at the orbiti] 

orchca. The lateral JHMM 



Two points, bnn, from two 

Kg. 24. 




The iuture i 
Irirth, hut the period \ 
instances it is found to 



formed by the spreading 
of the ossification an 
quite distinct at birth 
(fig. 24," •). They afto- 
wards become united 
along the middle by a 
straight suture, irhidi 
runs from the top of tba 
head, where it ia «d- 
tiiiuous with the avtnn 
in that position, down to 
obliterated within a few yean after 
Tien in diffei'out cases, and in sonu 
jmain during life. 



The temporal bones, two in number, are so n 
they occupy that part of the head on which the 1 



Pig. 25.* 




. thick at ito bttse, 
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becomes white, indicating tbits tlie ravages of time (ona 
temporis). 

The temporal bone, figs. 25 and 26 (os tem{)oris), ia placed podtiDs 
«t the Bido and base of thu skull When viewed in its """ '^"^ 
natural portion, it presents two 
partions, one at the side of the 
aknll townrda the middle and 
lower part, which is flat and ver- 
tical in its dirtxition ; whilst the 
other is horizontal tmd projects 
inwards so aa to be wedged be- 
tween the occipital and sphenoid 
bones. But to facilitate its de- 
scription, it may be divided into 
three parte, of which one is 
superior, flat, scale-like, and 
named the squamous portion 
(squama, a scale) ; another posterii 

but ta[>ering downwards like a nipple, tha mastoid part ; 
the third, called petrous from its hardne«s, ia internal and 
intermediate, projecting into the base of the skull. 

In order that the bone may be held in its natural posi- Rigbt 
tion whilrt it is being learnt, put downwards , and backwards I'oft'bmer'" 
the nipple-shaped part, and outwards the smoothest sur&ce 
of the squamous part. 

A. The aqiiamoua portion ' (pars squamosa), by its external SqauDoiu 
surface, which is smooth, forms part of the temporal fossa, J^^ oai- 
cuid is bounded above by an arched bonier, below by a 'i^, 
horiKontul process called "zygoma." The inner surface, wia, 
fig. 2B,= of the flquamons part of the bone, slightly concave P™"—: 
in its general outline, is marked like the o^er bones of the ^JSS^^ 
head by cerebral impressions, and by alight linear grooves iuii^fe. 

* Pignres 2! and 2fl Bhow reapeutivel j the ontCT and the inner aurfiicc 
of K timpani bans of the right side. 1. SqmunDaa [lart ; its eitemnl 
Buriam. 2. Theint«nial ra^ce of tbeiamit part. 3. Zfgoma. 4, S. 
BootHofthe tjgoma. 6. Taberde for Ihe etlenal lateral ligameat. 
7, 8. Farl« afDoe of the roola of the lygonia. 9. Fitsure of GUeer. 
10. Uastoid part. 11. Digastrie fossa. 12. "Sulcus ria&i latemlis." 
13. Mastoid fgmraen. If. SmjiU occipital pooie. 15. Petrona part. 
IS. Carotid caoal. IB. Anlerior nufnce of the petroiu part. 20. 
Deprarion for th« QasNtrian ganglion. 21. Hestna anditoriae inteniu. 
22. Opening of the aqaeduet of tbe ventibule. 23. Rough aurlate on 
the infeiiar Mpect for the attochtnesl of musclea. 24. Jugulnr foaa. 
2S. Stfloid proeen. 20. II* vaguuil proceaa. 27. Stylo-mut^d 
fommen. 2S. Superior petrowl inoore. H. Eustashian tube. 
reopening of tlie aqueduct of the coolilea. 
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Fig. 28. ■ 







a thm scale which oTerlaji 
parietal bone. 

The zytjoma,' or zygonutio 
process ((tvyrviu, to connect or 
yoke tt^ether), forms a jroke 
connecting the temporrd irith 
the malftr bone ; undtr this the 
tompor&l muscle po&seB. It u 
brofid posteriorly ut it« hue, 
where it projects outivArd from 
the squamous part of tiie bone, 
but Boon narrows, and turns 
forward. Its outer sar&«« it 
convex luid subcutaneoua, the inner surface is oonoT* 
and bounds the temporal fossa. The superior mMgin, 
VBiy thin, gives attachment to the temporal fnscia ; the 
inferior oua is thicker and shorter, owing to the end at 
the process being bevelled off so us to rest on the m^tlar 
bone, with which it articulates. At ita base the app«r 
surface is concave and aupporta the posterior border of 
the temporal muscle. Uuderueath it is the hollow (cv 
the reception of the lower jaw ; here it presents two root^ 
of whidi one' runs horizontally backwards, forming the 
outer nuu^in of the articular cavity, whilst the otlier' 
turns inwards and forme the anterior border of that cari^. 
r At the point of division is a slight tubercle,* wliich givet 
attachment to the extemal lateral ligament of the lower 
it, jaw. The anterior root widens, and subsides, beGoming 
' concave &om without inwards and convex from before baok- 
wards, and forms part of the articular surface upon wliich 
the lower jawbone moves ; in its natural condition it i> 
covered with cartilage. The other root, which is coDtinned 
horizontally backwards,' gradually disappean as it pasaM 
over the auditory tube, and marks the separation between 
the squamous and mastoid portions of the bone. Tba 
articular or gknoid fuaaa (yfi'jr'), a shallow pit), niarked off u 
here indicated, is elongated from without inwards, and 
divided into two parts by a fissure ' (Jimira Glaaeri), vbiak 
transmits the chorda tympani nerve (sometimes), nndQ" 
laxntor tymjiani muscle, and lodges the processus g 

* Fur expIuutioD, see tlie laat note. 
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the maUeus. The pnrt before the fisauro is unooth, and 
articulBtes with the lower jaw ; the remainder lodges a 
process of the parotid gland. 

B. Ths nuuitoid part'" of the bone is rough eiteniftlly, i 
for the attachment of muscles, and prolonged downvrardB, ' 
forming the mastoid or nipple-shaped process (jtaimt, a 
nipple or teat), from which this division of the bone ia 
named. This procees overhangs a groove, fig, 26 " (digo^- I 
trie fi"^), for the attachment of the digBHtrio muscle ; 
close to this is n slight groove" (occipital). When viewed ai 
at its iimer surface, the mastoid part ]iresents a brood and G 
generalljr a deep sulcus (sulcus sinAs lateralis),'' which „, 
curves forwards and downwards ; it here supports part of 
the lateral sinua. It is usuall; pierced by n foramen " 
(f. mastoideuni), which commences near the posterior border >t 
of the bone, and opens into the sinUB from the outer surface. 
The uze and poudou of this bole vary in different instances ; 
it sometimes exists in the one temporal bone and not in tho 

c. The jKlrimt part," pars petrosa, named frtwn its T' 
hardness (irtr/joc, a stone), represents a trianguhu' pyramid ii 
(pyiamiB trigona) which projects into the base of the skull 
forwards and inwards. It contains the orgaii of hearing, p> 
and presents for examination a base, au apex (truncated), ^ 
three surfacea, and three borders. In the base is situate g, 
the orifice of the auditory canal, which is bounded above v 
by the posteriur root of the zygoma ; iuferiorly, and in the 
greatest part of its circumference, by a curved, uneven 
lamella (audiUiry process), to which the cartilage of the ear 
is attached. The canal itself (meatvi aHditoriue exteraui), h 
narrower in the middle than at its extremities, is directed „ 
obhquely forwards and inwards, and leads into the tympa- 
num. The apex or iimcr end of the pars ])etruBa, rough, A 
irregular, and, as it were, truncated, forms part of the 
foramen lacerum medium, and is pierced by the termination 
of the carotid canal " (canalis caroticus) : — this canal <^ 
commenoefl in the inferior surface of the bone anterior to "* 
the jugular fossa, ascendsat firat perpendicularly, but soon 
turns horizontally forwards and inwards to the apes, where 
it ends. 

The anterior or upper tuf/owj" of the petrous portion Ai 
is sitoate in the middle fossa in the baw of the skull, "" 
, where it looks obliquely npwurds and forwards. Towards 
10 apex it Ui slightly depressed,* where it corresponds with 
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dspioHioa the ganglion of tlie fifth, pair of neirea (Gi 

fm-GaiBo- narrow groove is seen to run obliquely 1 

gllgn. outwards to a foramen ; it lodges i ^^^^ 

Ruperfieiul petrosal," h. l^ranoh of the Tidiiui ; the fonuMB 
Hlatiw, and ia named the hiatus Fallopii, and leads to tie aqueduct ot 
Fallopius. More extemally ia a BmoU aperture, which giTvs 
passage to a nerve uaioed " the external superficial petroaaL" 
Farther back ia a rounded emiuenoe iadicating tho utn- 
uinolRctgr ation of the superior semicircular canal. The iu[acduct of 
FaUnpiui pallopiuB just alluded to commences at the internal auditot]r 
meatus ; it is a small osseous tube lodged in the interior of 
the bone, and paises in an arched direction, at first out- 
wards and then backwards towards the base of the akrdl, 
where it ends in the stylo-mastoid foramon ; it tnuismila 
the portio dura, and receives, through the hiatus FaUopii, the 
petrosal nerve and vessels. 

The posltrioT lutface looks obliquely backwards, anil fonui 

part of the third or posterior fossa at the base of the sknlL 

In it will be observed a large orifice,^' leading to a abort 

canal (inmiiu aiuiifaniu inlei-nttt). The canal is obUciue io 

' ite directiou, having an inclination outwards and backwtirdi. 

It contains the auditory and facial nerves. Its fundua U 

■ formed by a thin plate of bone {lamuia cribroia), divided 

' into two parts by a crest or ridge ; the upper or iminlW 

part is pierced by a foramen which tranantits the facial 

nerve, whilst the lower presents several very anmll aperturei 

through which the fibrils of the auditory nerve pass. Olon 

behind the meatus is an irregular depression, into wbiob a 

small process of the dura mater is fixed. About three 

Unas further back than the orifice of the meatus is a namtw 

' oblique in its directiou : it is the termination of 

the aquwductua vestabulL 

On the inferior r^tr/iKe of the para pctrosa, which ia 
exceedingly irregular, may be observed, prnoeeding &<m 
within outwimls and backwards: — a rough surface " giving 
attachment to the levator palati and t«usor tympani muaclai^ 
the carotid foramen, the jugular fossa, the vaginal and 
styloid processes, and lastly, the 8tylo<mastoid foramen. 
The carotid foramen leads into the curved canal (canalia 
caroticus) already noticed. Thejiignlar/oaaa^' (fossa buUu 
1 venSB jngularis intemie, " the thimble-like cavity ") fonu^ 
with a larger depression in the margin of the occipital bona, 
the " foramen lacerum jugiilare." This large foramen hai 
indented nuugins, oomaponding to the three parts inM' 



Fostsriisr 



with ill or 



Aqueduct 






Otntldlb 



dlildod. 



TEMPORAL BONE— ITS OSSIFICATION. 

which, in the recent Btute, it is ilirideJ, At the liAck of 

tho jngular foBSA is a, Bmiill upening, by which the aiiriciilar 

branch of the lagiu nerve entera the bone. In the ptnte 

of boiie which separatee tbie foesa from the c«roti(I apertur 

is the opening of a small canal, througli nhtcb the nerve of aan. 

JaeobsoD passes to the tyniptinum. ExtemnJ to the margin 

of the jugular fosfa is the styloid or jkencil-tike process,^ atTl(^<l 

long aud tapering, with an inclination downwards and for- l^ 

wards. Its length varies from an inch to an inch and a 

half ; it gives attachment to three muscles and two ligaments. 

Close before the base of the styloid process is a, compressed 

bony plate," the raginal process (vngina processfls styloidei), ^=gi°*l 

the free surface of which looks obliquely forwards. BetT 

the root of the ittyloid process and the nmstoid (and named 

from it« position with rcgiird to them) is the si'jIo-maiUiid scyio- 

foramtn^ (f stylo- mastoideum). It forms the outlet orf^-^'"™" 

terminatioa of the aqueduct at Fallopius, and gives exit to 

the &cial nerve. 

The tnperior bordtr of the pare petrosa is grooved for the Bunli:«, 
petrosal sinoH.'* The (interior, which is very short, makes, Potmaul 
with the sqmunona part, an angle at their point of junction, n"'"'''- 
in which is situate the orifice of the Kiutaohian tube,-' a 
canal which leads from the pharynx to the tympanum : ^'"^' 
above this last, and separated from it by a thin horizontal 
lameUa {proceuiut coeKlcarifomiis), is another osseous tube, rrocouiu 
that gives passage to the tensor tympani muscle. The ^^j^~ 
[I'ntcrinr hnrdce articulates with the occipital bone, and forma 
ivith it tho foramen lacerum jugulare. About the middle 
^tf this edge or border is a minute foramen,^ the opening of Aquednct 
Kyianall oanal leading from the cochlea {lupurducttis cotliUm). ^^^'"^ 
' Ariievlationt. — The temporal bone articulates with the Conntctiaa 
parietal, miUur, inferior maxillary, sphenoid, and occipital tUS^ " 

The osmfication of the temporal bone begins at an early OniScn- 
period, — about the time that osseous matter begins to appear Jj'jjj ^^^ 
in the vertebrte. mDnnmeat 

It proceeds from several nuclei. These belong to — 1, Sewnu 
the cygoma and the stiuamous part ; 2. the tympanic bono ; '™'"™' 
3. the petrous and mastoid parte ; 4. the styloid process. 
The centres of oBsifioatiou here mentioned are eicluaive ofw"'!*" 
those for the iutenml ear, and the small bones of the tym- car porta. 
ponum, which will not be referred to in this place. 

Tho formation of bone begins with the sygoma and the The ifgomi 
t l>art (lig. 27,') ; and it is not nscertnined mth 
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^m- oertMHty if they are produced from eeparata nuclei. B^bfl 
" i™'^ speaks of them sa Beeming to be distiitct ; but, if they an 
I, they very speedUy coalesce. 



The ttjmpanie bona a 




I aucceedB the preceding in the 
commencement of its groirth. 
This little bone fomiB alwnt 
three-fourths of a. circle ; the 
deficiency hmug at the upper 
part (fig. 27*). Tlie shnpo ii 
rather eUiptical tlian circnUr 
It is grooved along the concare 
Kurface for the membrane of the 
tympanum (annulus membnuue 
tympuni) ; and it remaina dis- 
tinct from the rest of the tem- 
poral boue till about the fbD 
period of intra-uterine exiKtenw, 
when it liccomes joined by the 
two extremities beneath the 
roots of the lygomn. 
Ti^a|«iFnut The jwtrout and tnastoid parts (fig. 270 original* 
•^^J™''"''' from the same centre, and the ossification of the latter » 
to be regarded as a continuation backwards from that rf 
the former. The mastoid process is also in some ixwtnnoeB 
found to hare one or even more independent nuclet.t 

The part of the temporal boue which is latest in its cmh- 

Tbt atf loid ficntion is the ttyloid prorrss, which remains a separate pieoe 

K^J^'^nwSi lor a considerable tjaia ; in some cases it is never united to 

r"*(* "* ^* "*** °^ **" ''°"^' I'l"* process varies very much in the 

length to which it grows ; it is sometimes found to tvach 

even to the os hyoides, instead of being connected to that 

bone by a ligament of somu length. 

Conflitinu At birth the temporal bone consists of three piooea, »it 

tibinii. the squamous and zygomatic ; thef petrous and mastoid ; 

and the tympanic. These pieces soon unite, and the pUee 

of junction between the petrous and sqimmous parts ia, for 

some extent, permanently marked by a sort of suture. 

* A temporal bone of the right usAv, cmaaaiJBg of tbree eapaiale 
piece*. 0. The sqnamoaa part and zygonui, (i. The tympanio bona. 
c. The petmna and mastoid part. TUe letter f is i>]aced ou Uie maatiid 
ead. The reniaiocier of this pieee is, in the natural slate, vuvered tij 
the other dirisiuiu of the bone ; part of it ia in the iotior wall of Im 

f KerckiinjJBS, "Oetogenia Ftetuum," Tab. 3S, 3G. 
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Pnrtul union is simetimea found to haTC taltcn pliice at 
the nsaal period of birth. 

Afterwards the bono tindergoea several chiuiges. Tha a 
most considerable are the following ; — -From ihe tympanio *' 
piece bono eitendit outwards, »o as to form the lower 
port of tha auditory canal ; at the bottom of this tht; 
membrane of the tympanum ih placed, instead of being 
on a level with the mufsce of the skull, aa it is before 
this chan^ baa taken place in the bone. The glenoid foaan 
bcwomes much deeper. The surface of tbo petrous part, 
previously irregular, is liUed up, so to say, and becomeB 
more uniform. And tha mastoid part enlarges, and is 
rendered prominent by the formation of cells in its interior. 



The sphenoid, a single bone (figs. 28, 29), is placed trnns- Thsiplw- 



I skull ; it enters into the formation ||! 




rersely at the base of tl 

of the carity of the akull, 

of both orbits, of tile 

no(u>, and nuiy be said 

to contribate in a small 

degree to the Lard palate. 

It is articulated with all 

the bones of tha crauium 

and sereral of those of 

the taen, between which 

it u insertod somewhat 

like n wedge ; whence its 

name (tr^r, a wedge ; ridor, like). Tlie form has been e 

' BipIaaatKoi of ftgons 23 anil 36 : — la tlie toriaer the Bpheaoid 
boat in Yiewed from nbare ; in the latter Jl it Bern in Tniat. I. Sella 
Turcica, 2, The outor port of the boJy. 3. Groovo for the earotid 
artory. 4. is pW«l aboTe the left pmteriar dianiJ pruceaa. 0. The 
ruAram. 0. A ^oove which fonnt paxt of tike pterjga-pKlatine canal. 
7. poiDta to a flpheaoidal aiaue, S. A epbeacMdol spttjigy bone. 9. 
BomUrmrbM. 10. One uf the great wings. 11. Iti urbital sor&ce. 
12. Ita apper aurflice. 13. Ibi external buHmw. 14. is inteaded to 
mirb the ridge bj- which th« eiternal ■urfuca it divided into a temporal 
and a irgomatla part IS. One of the Biaall wings. 111. Bthmoid 
■pine. 17. Anterior dinoid process. 1 S. Inlenial pterygoid pmosBS. 
1^. Ila hamnloi. 20. Bitemal pterygoid prucesa. 21. Fiuun! 
between the pterygoid proccBBeB. 22, OliTar; procen. 23, Thesplne. 
24. Sphenoidal huore. 25. OpUe fomaen. 26. Foiamea mtandam. 
27. Poramca ovule 2S. Fornmeu spiDosmu. 29. Pterygoid furaineD 
— tbe opening of the Vidian canaL 
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THE SPHENOID BONE. 

likened to that of n bat with its wings extended, and tlie 
compariaou is not rory fiir<fetclie<), porticultkrl; if tlic 
ethmoid bono remains attached, as oftHn happens. like 
other irregular bones, it may be divided into body and 
procossea. 
I To place this bone in its proper position, ao as to peTeei^^ 
clearly the relations of its diflereut parts, observe that it W 
two thick processes somewhat like legs. Hold it so tJuit 
these shall project downwards, as if from lieneath the body 
and wiagB, and let those surfaces of the processes whleli are 
hollowed out look backwardu. 

Of On hody or central port of the bone. — To give [ire- 
cision to its description we say that it presents six aspects or 
surfaces, each of wliicl) looks In a different direction and has 
distinct relations ; — The fuperior awrface, which forms pan 
of the basis of the skull, is of limited extent, yet it is 
hollowed into a deep pit,' which lodges the pituitar7 body : 
hence this excavation is called pituitary fotaa, and sometimet 
' ' sella Torcica," from, some resemblance to a Turldsli 
saddle (ephippium). On each side of the fossa, the miiftoe 
is depressed,* and corresponds with the caveruous nnu* ; 
farther bock, also on each side, is a superficial grgoT«,* 
directed from behind forwards, which marks the courae of tlw 
internal carotid orteiy. Before the fossa is a slightly laisMl 
portion of the bone (processus oiivaris),^ on a lei'el with the 
optic foramina, on which rests the commissiira of the optic 
nerves. Behiud it is a prominent ascending LunellA, of a 
E(|uare form, and sloping bockwanls, so as to be continuous 
with the basilar groove of the occipital bone : the comen of 
this lamella projectc«s 
Fig. 2S.' the foRHa, and ors called 

the jmsUrior dinpU 
proeema* (nXiifl), a bed). 
The inferior nufiut 
of the body is ths tur- 
row interval betmen 
the pterygoid jm- 
cossos ; it is intersected 
by a prominent t^nne 
(fig. 29,'), caUed tlie 
rostrum or azygM joo- 
, which dips downwards to join the vomer. At Mck 




)r gxplanatioii, see fiwt Dote, pogo El. 
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siiie is a small aiid eiliglitlj everted lamella (projecting 
fitim the base of the pterygoid process), nliich mticulates nud mot of 
with the margin of the vomer. Farther out is a Hmall pi^TK™* 
groove/ which contributes with the paJate bona to form the 

The anterwr nirfaee ia very irregular, and presents the Anwrior 
opeuings of two deep ainusefl,' into which the bone is •'"■''™- 
hollowed: those sin iita (ipliciuiidat) do not exist in young sioiuei; 
children : in the adult, in whom they are of conaiderable 
faxe, thejr are separated by a thin partition (s^tum iphertoi- 
daU), which is continaons inferiorly with the roatrum, and 
in front projecting as a crest (criiiUt $. tyina sphenoidtilU) their »p- 
it articulates with the central lamella of the ethmoid bone. 
Tho «inusi» are covered in chiefly by two thin osseous 
plittes," the tphenoidal ijiong^t (wiiu, but are not altogether epangy 
closed by these, for a circiiiar aperture is left in front, l>y ■"""■ 
which they commnnieate with the posterior part of the 

The posUrior furfaa (fig. 28,") is flat, and united with PoMoriof 
the ba^iar process of the occipital bono.^in early life by ""* 
, CBTtiloge, but in adult a^ by osseous matter. 

The lateral sur&ces are continuous with the great wings, hAemX nr- 
btanch out fi^m them. "^^ 

Of the proceuM.— The principal processes are, the great Thopro- 
^ringB, tho small wings, and the pterygoid processes ; the ™™* 
minor ones are the eUunoid spine, processus olivaris, ciinoid 
processes, the rostrum, and the bainutar and spinouit prDCussesL 

The ifTeat ivingt^' (aim majorcB) project outwards and Tho gnat 
upwards, from the sides of the body of the bone, and am so ^^ 
formed as to present each three sur&cea, locking in different Thu Uir» 
directions. One anterinr (orbital) " is somewhat square, f„h tIs. 
smooth, inclined oblii;[nely forwards, and forms part of the orbitsl, 
outer wall of the orbit. The second " {mipenor or cerefiraV), conbnL 
of much greater est«nt, is elongatol from liehind forwnnls, 
and conuave, and constructs part of the middle foasa of the 
base of tho skull, which supports the middle lobe of the 
brain. Tho third " {extfrnid or temp&rosiygomaiie), looking nadtauipo- 
outwards and fbrming port of the aide of the cranium, ia ^'78™°"- 
elongated from above downwards and slightly hollowed : this 
surface, taken as a whole fr^m tho top of the wing down to 
the root of the pterygoid process, presents two ports different 
in siw, divided by a ridge or crest." The upper nnd longer 
division is placed in the temporal fossa, and the iuferior or 
enters into the zygomatic fossa. 
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The inuli The tmail xointja '' (aire minorei), called also wia^ J 

^^^t-„i Ingrasaias, oro triangulnr in form, horLeoatal in direo&ai, 
■kulluid and extended forwards and outwards, on a level niUi the 
" wpper surface of the body — ^ita fore part. Their upper 

HUiface, plain and flat, supports port of the anterior eenhtti 
lobes, the inferior one orerhangB the back of the oihit 
and its sphi-'noidal fisBure. The anterior border, shup, this, 
imd rough, nrticulatus in the groater part of its extent Tith 
tlie orbitAl plate of the frontal bone ; and intemalljr, at tk 
middle line, where the bases of the two processes Are united, 
Ethmoid there is a. alight angular pTOcesa " (cSimoidtd ^ne), whidi 
"^'- articulates with the cribriform lamella of the ethmoid bone. 

The poeturior border, rounded and smooth, is free aud un- 
attached, and correapondit with the fiaaure (fissura ^Ivii/ 
which separates the anterior from the middle lobe of &» 
brain, llie external and the anterior ends of theee tringi 
ore sharp aud pointed, whilst posteriorly they tanninata in 
AoMrior two blunt tapering productions (the anterior clinoid ftv- 
^j^p™- cesses)" which incline obliquely baokwarda, towards He 
pituitary fossa, and overlay the oavemous sinuses and tb 
OpUc torn- carotid arteries. Elach is peribrated at the base by a round 
"""'' foramen (optic), which transmits the optic norve and 

the ophthalmic artery. 

iHoiygoiti The pltrygoid proeetfes are seen at the inferior surface of 

oiuruBl* the bone, from which they project downwards like legs rather 

nnd inter- than wings, though the name given to them woidd indicate Ihs 

reverse (nrfpiif, a wing). Each of these coUHists of twg 

narrow plates (pterygoid la/mtltie), united at an angle in 

front, and diverging behind, bo as to form a deep hollow 

(holrdir- iplerygoicl foua). The internal plate,'' longer and nairowar 

than the external, is prolonged into a slender cylindrical pro- 

cesB," named, from its crooked form, the hook-like en 

htmviilar /minjw, round which plays the tendon of the 

tensor patati muscle. The external lamella'' loolcs out- 

wards, and somewhat forwards, bounding the zygomatic 

fossa, and projects farther bnckwords than the otiur 

plat«. At the root of the internal lamella is situate ■ 

FiisiB aaii- shght depression (fosta navicuiaris), which gives attadh- 

ciiUriJi. ment to the tensor palati muscle. In the groove or fo^ 

between the two plates, Brises the internal pterygoid 

PWrj-goid muBcle, The groove is incomplete at its lower part when 

""^ the sphenoid bone is examined by itself, for an angtdw 

interstice ~' exists between the pterygoid loinelln ; bdt 

this is Med up by a part of the pyramid^ process of flw 
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palate bono, whicli is inBerted between the margins of the 
bony plates, 

The ethiiuAd tpine, already noticed, is a very email ^' 
angular plate," which projects forwards in the middle line, 
on a level with the upper surface of the smallor wings, 
and articulates with the mbrifonn lamella of the ethmoid 

The pi-oce»3\it iilb^aris ia a slight elevation on the upper <^l 
unriace,-' on a level with the optio foraiaina, whioh supports 
the cammisBUTO of the optic nerves. 

The clhioid pracraati are two pmi-, one '' before, the other* CI 
behind the pituitary fossa ; therefore called anterior and 
posterior. A spieulum of bone often poaaes &om the anterior 
to the posterior olinoid process at one or both ddea. And 
occaaioually another piece paaaes from this spiculum to the 
body of the bone ; this piece b called the middU ditutuJ.proeas, 

The rogCrton h the prominent angular ridge,' which pro- tti 
je<rta downwards from the imder or guttond surface of the 
bone, dividing it into two parts. 

The Itamiilar proeais'' projecta from the termination of h. 
the internal pterygoid plate ; it is thin, constncted, and 
curved, in the greater part of itii extent, but ends in a small 
blunted tubercle. 

The tpiiwas proceisea-' axe placed at the posterior and Ti 
pointed tenninatious of the great wings, from which they 
project downwards about two lines, 

Fmum and foramina. — Each lateral half of the bone 
jiresunts a fissure, four foramina, and a canal. The fissiue =' 
iJistara tplKnoidalU), triangular and elongated, is placed 81 
between the smallei and greater wings, and opens into the 
orbit (hence Bometimes named foramen lacerum orbitale) ; it 
trauismits the third, the fourth, and the sixth nerves, the 
ophthalmic branch of the fifth nerve, and the ophthalmic vein. 
Iliis fissure is separated at its base from the foramen opticum 
by a narrow plate of bone, which passes from the under 
surface of the anterior dinotd process (at its root) obliquely 
down to the body of the sphenoid bone. Of the foramina, — Fi 
the opiit foranun'-* inclines outwards and forwards on a level "' 
with the fore port of the body of the hone ; it transmits the 
optic nerve and the ophthalmic artery. Farther back and 
on a lower plane, inasmuch as it is aituat« in the great 
wing, is a ronnd aperture," leading forwards ; it is the 
/oromeii rotninliim, which transmits the superior maxiUary n 
branch of the fifth ii&lt of nerves. A little farther back and 
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more extemal is a large foramen '' of nn oral form, butt ' 
cailed /tiramon orali ; it gives i>assage to tlie mferior mudlkij 
nerve. Near the posterior angle of the ola is the /onMMit 
ipt?UMUnt ^ ; it ia very small, and ttonsmitfi the midille 
meuingeal artery. The root, or base, of eax^ intcmtl 
pterygoid process is pierced by a circular forameii (fig. SSP), 
more properly a canal [pttrtjgoid. Vidian), ext«ndiiig hori- 
Eontally from before backwiuds, slightly expaiided before, 
narrowed behind, and giving passage to a bmnch of a nerre 
(Vidian) ftom Meckel's ganglion, with its accompanying 
Tessels. 

i> Artienlationi. — The body of the sphenoid bone articulates 
posteriorly with the basilar process of the occipital ; antertorlf 
with the ethmoid, and with the orbital processes of the firontal 
by the smalleT and greater alte. By the great ala it joins 
the anterior inferior angle of the parietal, and the squamoot 
portion of the temporal ; and by the spinoun procew 
it fits into the angle between the petrous and squamoiu 
portions of the laet bone. With the vomer it articulates bj 
the rostrum ; with the malar bone by means of the external 
border of the orbitJLl plate, nnd with the palate Ixme by 
the pterygoid procees, and body ; — in all, twelve bonea. 

The sphxno'idaX ajmiigy boiu^s (comua ephenoidalio, comela 
sph^notdaui, Bertan), two in number, ore sitnate era the 
lower and anterior aspect of the IxKly of the sphenoid, in 
contact with the rostrum, and may )>e recognised as separUc 
pieces till about the fifteenth year of ago. Each bone b 
irregular in shape, but thickened and pointed behind, and 
thin and dilated in front, where it bounds the sinuB in the 
body of the sphenoid : the surface towards the ainUB is 
concave, and that towards the nasal cavity convex. 

At1Uiuleitiofi$. — In iront with the ethmoid, — the aperttm 

,, leading from the sphenoidal cell to the nose being betWBwi 
the two bones, or only in the spongy bone ; behind, its 
point is received under the vomer and the ridge at the root 
of the pterygoid process ; cxtemally it unites with the 
palate bone, and internally it is applied to the rostrum of 
the sphenoid. 

The ottification of the sphenoid bone begins soon after it 
has commenced in the occipital. As this bone is developed 
from many centres, and some arrangement is necessary fiv 
the sake of clearness, it will be considered as divisible into a 

" posterior and on anterior part. Each will i>e notiood 
•epantety. 
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—The pottm/iT aphataidal diriiion includes the great Pottartor 
■" ! pterygoid protsesaea of both aidea, and the ■P'™"*'- 





interposed part of the body. The first nuclei for this part iw Litanl 
(they are the first that appear in the bone) are deposited in P**"* 
the great wings, one on each side, close to the foramen rotun- 
ilum, and from thia point the ossification apreails outwards 
into the wing, and downwarda into the ertemal pterygoid 
process (fig. 30, a, b, c,' "). 

The internal pterygoid processes ore formed separately, intimat 
each from a distinct centre (u'), and they unite with the ei- ptfl'TB^'' 
ternal soon iifter the middle of ftetal life. ''"*"■ 

* A. The Bphenoid booe of a fretus, sg«d about three monthB, is mcd 
from aboTc. The great vtiuga are onifidd ; the bal; hmi two rotuid 
granoles of bone beneath the sella Tnroico, and the reet of it is carti- 
btginiiiu. In the email wings, which are formed trom a single centre, 
the DUificatioa fau euuircled the optic fomoen, and a small gatnre U 
diatiagniahable at its pDaterior and inner aide. The Internal pterjgind 
i>rwea>cs are itill aejiarate (c*) in the preparatian from which the 
dtatring wai made. B. This figure is copied from Meckel (" ArohiT." 
B, 1, Tb£ li. P. 23). It u etated to be from a fiEtuii at the middle 
of the siith month. The two gnnalei for the bodj are united, and a 
tisoe of thdr nniun is observable in the notch in front The lateral 
projections of the body ('I are Beparate piece*, o. is a sketch of the 
back part of the prepaiatiou drawn in A. The internal pterygoid 
|jruces8, which was noited onl; b; cartilage to the rest or the bone, hat 
been dnwn aside, d. This figure represenie the sphenoid at the usual 
period of tnrth. The great wings are separate. The anl«rior aphenoid 
ii joined to the body. 
1. The great wings. 2, The small nings. 2*. Additional naelei (or 
_.lhs small wtDgs. 3. The bodj. i. The internal pterygoid prooBss. 
I, The lateral proceasei of the body. 
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For the fonnation of this part of the body two 
graiiules m^a placed side by aide in the cartilage beneath the 
scUa Turcica (a'). These, enlargiug, uiiite about the iaaxH 
luonlli into a single piece, which is elongntod tranBT<n«^ 
and notched in the middle (b'). This piece sabeeqiusa^f 
preaenta on each xide a projection, nhich Meckel descdbM 
and figures as an independent formation (b*). 

[ The ports here described remiun sepsrate one &om anothBr 
during the whole of fcetal life, with the eiceptiou of the 
iuteruol pterygoid proceaaes, tie time of whose jtmciiou 
with the external hiut been mentioned. 

2. — The uiUerior aphsnoidid division includes the small 
wiugs, with the intermediate fore part of the body of tiw 
bone. Its growth commences at an early period, soon aiW 
ossification has first showed itself in the bone. 

Its first nucleus appears in the small wing, at tlie oiit«i 
margin of tlie optic forameu, and from this jxiiut the 
deposit of bone extendd uutwards in that wing and aroimJ 
the foramen (aF), There is frequently another grannie 
placed on tlie inner side of the foramen (b' *). 

The ceuti* of this division either results from the unicm 
of the lateral pieces just referred to, or ia the product of an 
independent growth. 

I The sphenoidal crest is perhaps generally produced by ex- 
tension of the ossification of the middle of tlie anterior part, 
and therefore — iiccording to the uiaiutef in which the miildle 
is formed — proceeds either from the lateral pieces or ftixa 
the central one. It is however, not unfrequently, altogether 
independent in its formation. 

Some time before the end of fuetiil life, the parte of the 
anterior sphenoid are joined together, and they uuit^ with 
the centre of the posterior division. So that at birth 
the sphenoid consists of three large pieoes, viz. : 1. The 
great wiug and the pterygoid prooeeses of one aide ; 2. the 
same parts of the opposite side ; 3. all the anterior diviaioi 
of the bone joined with the central part of the postsriin' 
diviaion, bo as to form a single piece (fig. 30, n). 

1 In the course of the first year after birth the great wingi 
and the body are no longer separable. About the age of 
puberty the spongy bones are joined to the sphenoid ; tiiay 
aubaequently are connected to the ethmoid, and in oonsa- 
quenoe of this union thoy nre often broken during the septfs- 
Uon of the bones of the adult skull. I^istly, the sphenoid 
unites with the occipital bone. — Sue ]>nge 39. 
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The tphtnoUliil ijHimjij bones begiu to appear about the spbeiuikbl 
end of the third year (Bertin'), oa thin osaeoua plntes. In- ^^ 
creasing in mze, they are prolonged in front of the body of ,ppg,ruic«; 
the sphBuoid, niid include with the hollow of that bone the 
space named Hniia. From the te:ith to the twelfth year uumpijtioo. 
they commonly begin to join the sphenoid, but this union 
may be deferred till the fifteenth year ; by the twentieth 
year they ore completely united with the ooutiguonB bones. 



Fie. 31- 1 




The elknund, or nere-like bono (Hg. 31 ; jiSikis, 
aiot, form ; os ethmoidea), is com- 
mon to the crsnium, the orbits, 
and the nas^ fosaio. Placed nt 
the fore part of the base of the 
akull, from which it projects down- 
wards, it in inserted between the 
orbital plates of the frontal bono, 
l3ri[ig behind the nasal and superior 
maiillary bones, before the aphe- 
noid, and above the vomer. It ie 
exceedingly light and thin, con- ^: 

udering its size, and seems at first hut a collection of pni'i; 
irregular cells, enclosed between plates of bone as thin as °°"'' 
paper. It is of a cuboid figure, flymntetrical, and composed 
of two lateral masses, between which is interposed a central 
vertical plate ; luid, for the purpose of description, it may Divi 
be divided into a median and lateral part^. " 

To place the bone in its proper position, observe that To C 
its upper snrface is the one which is pierced by i 

^^^^es, and from which arises a Hmooth angular process 

^^■bs a cock's comb ; and that the short border of this 

^^■ocess looks forwards. 

^^P' Mtdian pnH, — The uentral part of the hone is flat, and O 
pKijeds above and liolow a porous or cribriform pkte that j, 
connects it with the lateral masses : the snudtcr port above 

* M. Bertin baa nerer fuiuiil tliese bi)De« la the f'ttaa. — Him. de 
VAad. Boj. de» Sciences for the year 17*4. 

+ Tlie vtbuioid boae seen from tbe lefl lide. 1. Criata gaUi- 2. 
CribrirDrm plnle. 3. Fuaararartbe&nuaencipcuiit, <■ Porpendicnlu' 
or reatiol [ilate. 5. Oa plannm. B, T. GrooTes which form porta of 
the internal orbital fonunina. 8. The postenur end otHhs mperinr 
fpong; bone. 9. The Ktond ipoag; bane. 10. Infnndibnlain. 
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ia named crista galli, and the larger one below, the deaoond- ' 
ing or nasal piece. 

■nwcribri. The sieve-like or cribrifonn lamella' (laiuella crihrom) 

ttmu piatB. p,,^gigtg of a, narrow plate of bone, pierced by a Dumber of 
holes, from which it derives its name : posterim-ly tMs plate 
of boue is, for n verj little wnj, even and honEontal, bat it 
then becomes depressed into two groorea beside the ciiita 
on the upper stufaco, which lodge the ganglia of tb* 
olfactory nerves. This pait of the surface is narrow, elon- 
gated finim behind forwards, and pierced by numeroiua fon- 
mina, for the tranBmiBsion of the filaments of the olfactory 

11a ronmlnn nerves. The /i>rainjna in it are of three sorts : Chose wUch 

tory norvga • ^^ along the middle of each groove are mere holes or perfora- 
tions which permit the filaments of the nervea, with tieir 
membranous inveetmcut<i, to pass to the roof of the uares ; 

ibsir vHrlu- the internal and uxtumtd sets are larger, and lire the 
orifices of email canals, which are grooved in the boue, uul 
subdivide as they descend on the central and lateral parta 
of the nose. Towards the fore part of the cribriform plate, 
in a small finsure at each side of the crista galli, close to H» 

Aportiiro bose ; and external to this in a special foramen which transmitt 

uorvt tli6 nasal filament of the ophthalmic norve. At the posterior 

margin of this surface, and in the miildlu line, is a slif^t 
notch, which receives the ethmoid spine of the sphesoid 
bone. 

CrlitagHllli The crfudu guUi is a firm triangular process, which pro- 

""' jectB in the middle line from the fore part of the upper 

surface of the cribriform plate, and has becu nanu>d 

&om some resemblance to a cock's comb. The surface 

imiirann. of the criatn is smooth and compact. The base is hori- 
zontal, and on a level with the cribrifonn jiiece, below 
which it is continuous with the perpendicular lamella form- 
ing the eeptum narinio. The posterior border of this pro- 
cess is long, and slopes backwards ; bvit the anterior is short, 
and nearly perpendicular, and at its junction witli the baas 
two small bony masses sometimes project forwards, leaving 

^™^™ between them a fissure which forms part of the "foramen 
caecum," placed in the loiddle hne at the junction of this 
bone with the frontal. The crista galli is usually perpendi- 
cular, but occasionally inchnes to one side ; it is sometime* 
bulged a little at the sides, and is then found to enclose a 
small sinus ; it gives attachment to the fall cerebri, whidi 
in a manner embraces it. 

The descending or nawd piece (lamella nasalis), calledate 
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the perpendicular or centnil plate, though it frequently in- 
cdines to one tdde, forms a coiuideruble part of the septum ''^^'^ '* 
nasi (fig. 43,^. It in continuous above with the base of the Kptum; 
crista gttlli, (ks already stated ; below, it artitTiIutes with the 
vomer and tho triikUgiUur cartilage of the nose ; itt anterior 
morgiu joins by tbo uppin: part with thu twaal proceas of the 
firontal bone, nud lower down supports the usaa naiii ; the 
posterior margin nrtjculutea with the septiun sphenoidale. 
This plate presents a number of grooves and minnte canals, i 
leading from the foramina of the cribriform lamella, for the " 
traniimissiou of the olfactory uervcs. 

Lateral nwiwf-a. — The external surface of each of these Tho Inianl 
is fonned by a thin, smooth, and nearly vertical plate of bone, °>»*»"' 
(fig. 31,'' ; lamella pta-iia, ot ptanvm), which cIobqb in the eth- ^rOu^ ^aa 
moidal oella, and forms a oonaideiabic part of the inner wall pIab"™!) 
of the orbit ; it articulates above with the orbital plate of couaactium. 
the frontal bone ; below, with the superior maiilla and jHtlate 
bone ; in front, with the oa unguis ; and behind, witli the 
sphenoid. At its anterior and posterior margins the eth- 
moidal cells are oxien when the bone is detached from its 
connections : in the fumiur situation they are closed by the 
OS unguis ; in the latter, by the sphenoidal spongy bone. 
In its upper marf^ are two graoves, " ' which are converted Oroont to 
into foramina, by similar indentations in the frontal bone ^[^"^^ 
^^xhea this is iu place, and so form the internal orbital fonuniua fnuiaL 
^BUorafiMn orbUariwm intcmam, anhriva tt ponlorivji). 
^^B'l^ inner surface of each lateral nuu« (fig. 42) constmctA Tho tatanui 
^Bwirtof the external wall of theniual fossa of its own side, and "■rf"™' 
^^u formed by a thin osseous plate, which is connected above 
with the cribriform lamella from which it hangs down, and 
ends below in a free margin, which is a little convoluted, and 
represents the middle spongy bone. At its upper and fore 
part is a stjuare, flat, but rough surface, which is pierced by 
a number of grooves leading from the furtrniina of the ori' 
briform portion ; posteriorly are plated two thin and also Ti 
mgh osseous plates, curved a little, go as to re[iresent small *" 
■Ive abells, from which circumstance they are oalled 
[ twrbintUi bones ; but from their texture, being 
^nlar and porous on the surface, they are alao named upmujy 

Of these, the first or upper one (fig. 42,'), (concha uj 
superior), which is also placed farther back, ia very small ; " 
by the curve or coil which it makes, it arches over, oud bounds "i 
a groove or channel (mtatua itoris ijiperior) : this is of small 
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that of the ethmoid bone ; conuDimicBting vith it are Hie 

posterior etluQoidal coUa. Still lower down is another 

; oasoonB lamcUtt (fig. 42,'), thin, rough, and convoluted, 

which is the eecond ethmoidal spoo^ or turbinate bone. 

Its lower margin is more rough and promineut than thai 

of the upper bone, and its extent from before backwaidi 

nearly double. Beneath this is a groove or diaimcl. 

which it overhangs so as to form the second mtatii$ narit. 

Occasionally there i» a Htill Ginatler and higher convoluted 

bone, with it» corresponding paasnge or meatus benestli it 

The surface of these spongy bonag is studded over with 

n^. "^ holes, which are the orifices of canals lodged in their rab- 

atance. These (the canals) lead firom the foramina in the 

cribriform plate, and they vary in length, some retwhing 

only a very short way, while others extend to the lower 

margin of the bones. Their direction is nearly vertical, with, 

in most instanctis, a slight inclination backwwdR, and they 

conduct the branches of the olfactory nerve to the lining 

membrane of the uaa.-il fosaa at di&'erent points. 

Orooves There are also generally, if not always, to be found on 

offlTes."'^ the second spongy bone — on the posterior margin, and for 

a short space in front of it — one or two shght horizontal 

grooves nuuking the oourse of small nervous jilaments, 

which enter through the spheno-polatine fonuaen. 

BthiDfrfiittl The osseous plate here dcKcribed gives attachment by its 

°° outer surface to a number of osseous lamelliE, thin and 

delicate, which pass across the space between it and the 

lamella plana, so as to form a number of cdU {ethmoidal). 

srepntc- These do not all communicate; they ore »eparated into 

torio*. "" ^'* *6ts by a sort of transverse partition, the posterior 

being small and few in number — from four to five, wliilst 

tlie anterior, larger and more numerous, oommunicat« with 

infuadibu- the frontal sinus. The cellule (fig. 31,'°), which directly 

""' communicates with the middle meatus, is prolonged, in a 

curved direction, upwards and forwards, opening by a small 

aperture into the anterior ethmoidal cells, nud by another, 

farther on, into the frontal sinus ; and, as it ii broad below, 

and tapering above, it assumes somewhat the form of a 

tunnel, and hence is named infuntiiMiim. 

Lorden of The superior border of each lateral mass pieaenta sonw 

JI;^'*"' open cpIU, which are closed by the orbital part of the 

frontal bone ; the inferior gives off some irroguliir iiiecei, 

which articulate with the side of the maidllar}' sinua and 

the inferior turbinate bone ; the anterior also exhibits ioim 
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inoompkte cells, wbich are completed hy the oa unguis and 
ike nastd process of the aaperior moxillar; boDe. 

ArHeidaiicfu. — The ethmoid artimlatea mth the foUowing c'aaDHtlDii 
bonea — the frontal, the sphenoiil, and vomer, two naaol, J^J^"*" 
two cNSa unguis, two Buperior maxillary, two pal&tal, two 
inferior spongy, and two sphenoicU) spongy bones. 

Ostificalloii.—Ia tho ethmoid bone this procesa begins OmUoi- 
aboat the middle of ftetal life — from the fourth to the fifth ^'' ■ 
mooth— a period later than belongs to its commencement in commoDH- 
any other bone of the craainm. Bone in first visible in the """^ ' 
outer sides — the oasa plana, — and soon after luscomca apparent ^i^"^" 
in the spongy bones, but the middle part remains cartilaginous 
till after birth. 

At the usual period of birth tho ethmoid con^<*ts of two Ci>ndtticin m 
parts — the lateral mossea, — and these are small and narrow. 
Subsequently (in the course of the first year), the middle 
plate and the lamina cribrosa begin to ossify, and the bone ricecsiuiii. 
becomes a single piece by the union of the latter to the 

The peculiar character of tho ethmoid is afterwards oimpletim 
gndually developed by the unfolding, as it were, of its * 
substance, and the increase in the size of its cells. 

OSHA TftigrBTRA. 

Supernumerary or unusiuil bones ^ are not unfrequently 
found in ikalls. From their fomi, which is variable, 
they are called sometimes triquetra, at others, triangularia ; 
or OBsa Wonnii, from Wormius, a learned ftuiish professor, OmiWot- 
who ii SMd to have given the first iletailed description of" "^ 
them. They are osseous plates, with serrated mnrgiRS, 
inserted, as it were, between two cranial bones (osbb iiiter- 
calaria, epactalia), and appearing like L^lets placed in the 
sutures. Their most ordinary position is in the lambdoid Thsir nuM 
suture, next in the sa^ttal, seldom if ever in the coronal, ^'j^' 
never in the squamons. Tho superior augle of the ocdpital 
bone sometimes occurs as an accessory piece ; so doee the 
anterior inferior angle of the parietal They are not found 
before the sixth or eighth month after birth ; and whatever 
varieties of size and appeuimce they may present, the 
principle of their formation is the same in all cases. As T"*^ 
the broad bones grow by successive deposits, extending from 
their central points towards the margins, whenever the 
Bbttoral process is retarded or interrupted, the mode of 
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V direction. A new centra u 



D the miLTgius of the bones, uul therefore 
in the situadon of the auture : &om this cectre booj mateiul 
extends, until it comes into contaot with the mugina of the 
contiguous boueH, with which it beoomca united in Um 

uan^ way by denticulntioti. 



BONES OP THE PACE. 

These, as above stated, pnge 34, ore fourteeu in uumber. 
'' They aro situate in frout of the cranial cavity, and most ef 
them form the auteiior visceral arches, those named htemal 
(p. 3), of the head segments. The moi'e or less perfect loops 
constructedby them will answer to the arcLesof therit% A^ 
in the trunk. 
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^P^lT. This bone (fig. 32 ; maiiUa superiyt) is 

iiavitii It preHents an eitemiil convex 

surface, corresponding with Ui« 
anterior and lateml ports of tlia 
face ; another, internal, of eon- 
nderablu extent, entering into the 
nasal cavity; one, superior, smooth, 
and inclined outwards, enters the 
floor of the orbit, and is Eunnounted 
internally by a triangular prooeu, 
whieli forms the side of the noM ; 
lastly, a surface which projects bori- 
Kontolly inwards as part of the arch 
of the palate. The eitemal •nr&ce 
in bounded inferiorly by a thick, 

dependent bonier (alveolar), for the lodgment of the teeth ; 

to this, as to a couiuion point of union, all the other put» 

of the bone may be referred. 

The natural position of the bone will be obtained by 

putting outwards the convex smooth sudjice, upwudi 





* The outer lurfaro nf Ibe left superior nn 
Uia alveoUr liurdur. 2. The Biik of the naU 
Grotitc for the nn'.at duct, l 
Osmne tosca. 7. In&B-»rliita] fi^ramea. 
tuboroaitj. 10. The orbital pliit«. 1 
riorly at IS, tbe aotciior nanl S|niie. 



udUs:— 1. Tbe middle of 
rior narea. 3. The njual 

5. Tlie malnr {ToacH. 0. 
e. Myrlifonnfwm. ». TLs 
A ridge, temtiaaliDg Mtft- 
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the orbital part, and forwards the excavated border or the 
smalleat teeth. 

The ahitolar border,' thick, semicircular, coavex eiter- a 
ually, concave inturually, ia pierced along its marglu by a ^ 
number of deep pita (aJueoU), into which the teeth are u 
inserted. The pits or sockets vary iu form and depth, 
conforming iu these particulars to the roots of the teeth 
which they receive. 

The oaUr surface asoends from the lower border to the o 
margin of the orbit, pieseuting some dcpreasious and eleva- ''^ 
tioits. At its fore part it is interrupted and excavated so di 
as to present a deeply concave margin,' which, with a " 
similar one in the corresponding bone, forms the anterior 
nores : this excavation is surmounted by a process' {ascend- p, 
iiiy or iHiDuI), prolonged as far as the frontal hone, with 
which it articulates. The part of the external surface a 
little above the molar teeth, is elevated into a rough pro- 
jection,' (maiar proceii, emitiencc, UibcroaUy,) for its articu- H 
hition with the malar hone. Anterior and inferior to this is "' 
observed a fossa,* {foesa caitina,) which gives attachment to o 
the levator anguli oris. Between this fossa and the margin " 
of the orbit is the in/ra-or(niai foramen,^ which transmits Ie 
the superior moiiUary nerve and its vessels. A little above 
the sockets of the incisor teeth is a slight depression," 
(superior inmoc or myrliform foaia,) which gives attachment In 
to the depre«sor muscle of the ala of the uose. Behind the '" 
malar tuberosity the surface is slightly excavated, and forms 
part of the lygomatic fossa ; towards the posterior border 
it is plain, and limits on one side the ptery go-maxi] lory 
fissure ; and at its jundiou with the orbital plate, it is 
rounded off and leads to the entrance of the infra-orbitol 
canal. It terminates by a slight luhtroiity,* (tuber maidlare,) Tt 
which projects behind the last molar tooth, and is perforated " 
by a number of foramina, which transmit the superior toi 
dental nerves and vessels. The inner surface of its posterior 
border is rough, for its attachment to the tuberosity of the 
palate bone, and presents also a slight groove, contributing 
to the formation of the posterior paiatiM /Atiuil, which Pb 
tranranita the descending palatine vessels and nerve. '^ 

The external surface of the ■aaaal procrsa, slightly grooved, Nr 
gives attachment to the orbicularis palpebrarum muscle and "^ 
the levator labii superioria aliequB nasi. The internal, or iti 
nasal surface, somewhat concave, presents a ridge, running 
from before backwards, which articulates with the inferior 
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spongy bone ; above this U & depression oorresponding witl 
the middle meatus of the uiwe, and, towards the anininit, * 
rough surface, which closes in the anterior ethmoidal cells. 
1- The nnterioT border is rough, for its articulation with the uual 
bone ; the posterior presents a, weU-marked groove,* rumUDg 
from above downwards ajid a little backwards with a alight 
ctirve, and which is completed into a canal for the lachiTmal 
aoc, bj a similar hollow in the os unguis. 
I From the upper border of the eiterual anrface of the bone, 
the orHt^I plate '" projects backwaj^s, forming the floor of the 
orbit ; its surface is smooth, being merely intemipted bj the 
groove which leads to the infm-orbitol canal ; and at its innts 
and fore x>u-t, near the lachrymal groove, is a minute depn*- 
sion, which gives origin to the inferior oblique musde of 
the eye. The infra-orbital ca-iuil commenoes behind on the 
surface of the orbital plate as a groove ; becoming deoper 
in front and being changed into a couplets canal, it tfpaa 
on the anterior surface of the bone at the inEroHDrbital fora- 
men, some distance below the margin of the orbit. It give* 
passage to a large nerre and its vessels. In the interjor of 
the bone a amall canal leads downwards from the larger one, 
and conducts a nerve and vessels {anterior dental) to the 
front teeth. 

The horizontal or jialfite plate of the bone projects inwards, 
forming the roof of the mouth and the floor of the naiu. 
Its nasal surface is concave from aide to side, and smooth ; 
externally it is continuous with the body of the bone, 
internally it presents a rongh surface, which is articulated 
with the corresponding boue, and surmounted by a ridgo," 
which completes the eeptum narium by articulating with th« 
vomer and nasal cartilage. In liront it is prolonged a little, 
so as to form a amall process" [anterior nasal spine) ; beaids 
n- this is the incUor foramen, loading into the anterior ptJatine 
toana. The inferior surface of the palate plate, which over- 
hangH the mouth, is arched and 
rough ; and among the promin- 
euces of the surface is a alight 
groove for a large nerve Mul 
vessels, which reach the palate 
through the posterior palatine 

On examining with attention 
the lai^ canal or fossa in the 
akull, named the tinttrityr polattrie, fig. 33, it will be faiipd_ 
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to coatain four opening*— two placed laterally,' ' and two Ths opm 

in the miiiiilo, the one' before the other.' The two former '"«»'"'« "1 

are described ns the foramina of Steno* (of Stenonis more 

properly) in many of the older anatomical works. They 

are mentioned above as the "incisor" foraminn ; they i«oinci«or 

blend below in tlie foeaa, but are separate above, uid open, '""'"'^ 

one in the floor of each nostril. The others, which are uid ino 

ofteutimea very indistinct, were fiiat brought under notice ^'Jj,"' 

by Scarpa ; they are placed in the intermaxillary suture, 

so that both maxillary bones contribute to form each of 

them, and are amaller than the preceding pair, from which 

they arc separated by a very thin partition. When they are 

well marked, the lower ori&ce of the posterior one is larger gnterinr 

than that of the anterior. It is through these median f^ij'^' 

smaller canals (of Soarpa) that the naso-palatine nerves 

pass, — the nerve of tlio right side occupying the pieterior 

one, and the nerve of the left side, the antwior.t 

The body of the bone is hollowed into a large cavity, tIisid 
aatriim nuicillare, or HUjhmori, which in the fresh state i 
lined by mncoua membrane, and communicates with the >i 
middle meatus of the nose. Its orifice appears of great 
size in the dried bone detached from its connections, but it 
is considerably diminished when the contiguous bones, vii. 
the ethmoid, the inferior turbinate, and the [lalatal, are in 
their natural position. 

ArtiaiiaHoin. — -With the corresponding bone ; with the CoauoctiMi 
firontii], by its nasal process ; also with the ethmoid and os J^^""" 
nasi ; with the palate bone ; with the malar, by the malar 
eminence ; with the OS unguis, the vomer, the inferior 
spongy bone, and the nasal curtilage. 

The tmijkaliou of the upper maxillary bone bc^^ins at a Onifica- 
very early period, — immediately after the lower maxilla and '*'"'• 
the clavicle, and before the vertebrte. The facts hitherto 
ascertained with respect to its earliest condition are not ""■"'••r of 
adequate to determine the number of nuclei from which tormitied. 

* The Dame ie nsuallj thns written in English boolia ; but it ahaald 
be mentioneit. that the real name vaa "Stenaon," ud of thia the 
ordinarf L«tiD reniou wu "Slenania." — See, among otbcts, Holler, 
" Blsm. Phyaial." t. i. p. 363. — Bliunenbacb, " lotnidaeE. ia 
Hiator. Unliciue Litt." p. 2SS. 

t The meiiioD canals hare not nnfreqnenUy a different diapDiitian. 
Thns, a. The; may join and open inferi^l; bj a alngle commm 
oiibce. b. Either maj be wanting, c. Oae maj be fonnd to open 
into a Laleral (incisor) canal. See Scarpa, "Aonatat. Anatom." 



SUPBRIOK UAXILLART BONE— ITS OSSIPICATIOS.V^^ 

this bone is formed, or the maimer of its growth. If it is 
produced from saveral centreH— and to this the iMvlaiice of 
evidence inclinea — the very early period at -which the 
o«aeotu deposit beginn, luid the rapidity of its progresB, irill 
account for the difficulty of markiiig the phaees of chuige. 

B^clard, whose opportunities of observing the growth of 
this and most other bones were conBiderable, states thftt hft 
has found it to conaiBt of four pieces, vit 1. A palatal p«rt, 
'■ including all the palate except the incisor portion. 2. An 
orbital and malar dirision, comprising the parts implied by 
these names. 3. The nasal and facial connected. 4. Tha 
incisor piece, — being a small part of the palate behind the 
incisor teeth, and including in front the posterior margin of 
tile alveolar border. But this anatomist adds, that he had 
not the means of determining where the several pieces tmite 
one to another, and be admits that further observalionB of 
the bone at very ear]y periods are necessai; to dete 
the coiu^e of its ossification. 

Fig. 3*.* 





Taking this bono when a single piece, it presents two 
fiasurea, one along the floor of the orbit (fig. 34, *') : tha 
other, (the incisor groove,) marking off a small portion of 
, the pnlate behind the incisor teeth (b, c '), Now, the 
question arises, ore these the limits of ossification proceeding 
from different centres } There does not appear to be evi- 
dence that the first is so, for its presence may be owing 

* The Bnp«rior maxitlitry bone at early pFriode ; — On the onto' ndt^ 
t, a liaBure exMnds thrnugb the orbit aud ends at Ibe intrs-orbilal 
foruneii. D is a view of the inner >sde of ihe boue. The incisor fiwu* 
iTBcheH apwunlB Ibrongh the borizuntiil pliil« and tome way on Ui» 
nasal procesa. c. Tbe alveolar border and palate plate are diiplafcd 
from below, and the inruor fiunre is Been to itoh thoce parta. At (he 
outer aide ■ amall portion of the orbital fiuure wu nalierable in Ihii 
view of the boas, and it baa been represented. I. The orbital fiwur*. 
2. The iadeor gnrave or liaEDre. 



THE MALAR BOSE. 

idy to the construction oF the canal orer which it is 
But with rogitrd to the second, there are circuiu- 
fltaJiCM which would incline us U> expect that the portion of 
bone it circumscrihea would prove to bo a distinct growth. 
The circumstances aUuded to are the following : 1. The 
axistcnce, in some caaea of hare-lip, of a detached piece, 
correspouiliug in its extent on the palate to the tine of this 
fissure, and including the entire thicbnesg of the alveolus 
with the indsor teeth. 2, The strictly-defined extent of 
this piece : it never reaches heyond the line of tlie fissure — 
never includes a canine tooth. 3. No similar portion is 
ever found detached from-any other part of the upper, or from 
the lower maxillary bone. 4. Liistly, may be added the 
oxiatence of an iutermaxillary bone in animals, with which 
an incisor piece in man would be corresponding. 

The foregoing facts render it probable that the incisor part 
is formed separately from the rest of the bone, Still, seeing 
that, except in cases of malfomiBtion, a distinct piece has 
not hitherto beun clearly observed by any anatomist, and 
that the trace of separation which eiiBts on the palate has 
uever been found to extend to the anterior surface of the 
alveolus, it cannot be concluded that the part of the bone 
defined below by the incisor groove is ordinarily formed 
from a distinct centre of ossification. In the present state 
of knowledge, therefore, the existence of an incisor bone in 
the human body at any period, cannot be admitted. 



■ There are two bones named malar (os mahe, malare, UaUrbai 

zygomaticum). Each is common to the faoe and 
or'bit, forming the most prominent point of the side of the 
former, and the greater part of the outer border of the 
latter. Its form is quadrangular. 

The facial or anterior surface, pierced by some /oroniino eurtum; 
(irudarj for small nerves and vessels, is convex ; — the poste- (omiuuuu 
rior overlays the zygomatic fossa, and is rough at its fore 
part for its articulation with the superior maxillary bone. 
The superior surface, smooth, narrow, and lunated, extending superior 
into the orbit, articulates with the frontal, sphenoid, and 
superior maxillary bones, and contributes generally by a 
small smooth margin to bound the spheno-maxillary fissure : 

it ia pierced by two or three foramina, and gives passage to tu fonml 
kkipiiall nerve, which passes ootwards through it. 



TUB NASAL AND DMODAL SOKES. 
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The superior border forwis the outer margin of the orbit ; 
the inferior is in a hue with the eygonuttic nrcb, which It 
contribuCes to form ; the anterior nrticulntes with the 
superior majillaiy bone ; the posterior, curved, giiea 
attachment to the temporal apoueuroais. 

The (UigleB of the bone are readily distinguiahed from 
each other. They are four in uuinlwr. In front, the upper 
one is slender and pointed, uid rests on the supeiior 
maiiUary bone ; whilst the lower one ia less promiuout thin 
the others. Behind, the superior angle ia thick, aiid joins 
the external angular procefis of the frontal bone ; but the 
inferior ie thin, and mpporta the. zygomatic prucces of the 
temporal, the suture between the two bones being often 
vertical at the lower end. 

ArUculationa. — It articulates with the frontal, superior 
maxillary, temporal, and sphenoid bones. 
1, OMifieatUni. — It extends from a single aasific point, wkidi 
appears about the time tbut the ossification of llie vet 



iii>, nuwu I 



The nasal bones (ossa nasi), situate beneath the frontal 
bone, and between the ascending processes uf the su^mriia 
maxillary, are small and irregularly quadrilateml, luid form 
what is called the " bridge " of the nose. They are thick 
and narrow in their upper port, but gradually become wid« 
and thinner lower down. Tbo anterior surface of each, 
concave from above downwards, convex from side to side, 
presents a minute vascular foramen ; the posterior, or nasal, 
is marked by tho passage of a branch of the nasal nerve. 
The superior border articulates with the frontal bone ; the 
inferior with the nasal cartilage ; the external edge with the 
ascending process of the superior moxillary bone ; and the 
internal with its fellow, supported by the nasal spine of the 
frontal bone, and the perpendicular plate of the ethmoid. 

Osaificalion. — They ore developed each from a singla 
osseous centre, which is discernible about the same time aa 
the nuclei in the vertebral column. 



OSSA UNO 013 — «S9i I 



These small bones are named "ungual" from a I 
blauco, if not in form, at least in thinness i 



TBK PALATE BONE, 



Lr-nail (unguis) ; they are ako called the " laclirymal " 
s, fiom their pres«atiiig each a groove, which, with a 
■muiar excavatioii iu the nasal process of the superior 
inaitlla, formH the luabryieal eauai. Placed at the iniier aituniiuD. 
and anterior part of the orbit, the os UDguta presouts two 
JurfikceH jLod fuur borders. Its external or orbital siuioce, [jiuuio,!. 
plain in the greater pnrt of its extent, is hollowed anteriorly 
by a, groove which runs from above downwards, and contri- GrcniD ; 
butea, aa above stated, to lodge the lochiymal sac: the Itaontir 
hinder border of the groove is prolonged forwards below, in ^^''"* 
the form of a hook or spur yuimidtm lachrj/fnaiis). The 
inner surface has a iJight longitudinal groove about its centre; 
the part behind that mark is rough, and closes the anterior 
ethmoidal cells, and Uie rest corresponds to the middle 
meatus narium. The Buperior border is articulated with the Border?, 
orbital process of the frontal boue ; tJie inferior, witli the 
superior maxilhu-y boue ; and, where it dips down to form nndariicu- 
a jiort of the lachrymal canal, it joins the inferior spongy '""'>'" 
bone. Autorioriy, it rests ou the nasal process of the 
smporior maxillary bouo, tuid posteriorly on the os plaiiuiu 
of the ethmoid. 

Oesificatioii. — Each os unguis is developed firom one Gron-th. 
osseous centre, which is apparent shortly after the ossl&catiun 
of the vortebne is begun. 



Fig. 35.* 



Each palate bono, figs. 35 and 36, (os palati,) wedged in Pabu bone, 
between the snperior maxillary and ' """ "" 

sphenoid bones, is ooimnou to the 
cavities of the mouth, nane, and orbit. 
In its form this boue resembles sol 
what the letter l, one port being 
horizontal, the other vertical. 

The bone of one side may 
recognised from that of the other by 
directing inwards thu horizontal part, 
npwards the vertical, and backwards 
the projecting lower part. 

The horizontal or palate pl.ite' 
of the bone, which is nearly stjuare, and forma the back " 




• Pig, 35 i: 



a view of the left pslntu boup, nea bom bcliinil uid 
inner side. Iu fig. 36 iin aot«r side of tbo bone is 
I. The palate plate- 2. A riJge or crest. 3, The 



THE PALATE BONE. 
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I part of the roof of the mouth and of the floor of the 
uaris, ai'ticulntes anteriorly nith the palate plate of the 
■ superior mayillary bone. Internally it presents a lough 
thick border which, rising up into a ridge,' joios with 
ita fellow of the opposite side, and with it forms a 
groove which receives the lower border of the vomer ; 
e^ctemally it unites at right angles with the vertical portiou 
1 of the hone. Posteriorly it presents a thin free border, 
formitag the limit of the hard j^te, and giving attaclunenl 
to the velum or soft palate which projects dowawarda from 
it : it is slightly concave, and has at the inner and hinder 
„ end a pointed process,' [the palatt spine). The superior 
surface of this plate is smooth, and forms the back part of 
the floor of the nasal cavity. The inferior, which forma 
part of the roof of the mouth, is unequal, and marked by • 
tmuBverae ridge, into which the tendinous fibres of the cir- 
cumllexus palati muscle are inserted : eztcmally is a sulcus CO' 
an oval foramen, being the inferior termination of the posterior 
palatine canal, which transmits the large descending palatjne 
nerve and accompanying vessels ; and farther back, is another 
of smaller size, for the middle palatine nerve. 

At the junction of the horizontal and vertical portions is 

situate the thick rough part or tubtTOsity, ' (pyramidal practti,) 

projecting downwards and backwards. This is marked by 

three vertical grooves ; the two lateral ones are rough, and 

receive the inferior borders of the pterygoid plates of the 

sphenoid bone ; and the middle one,' smooth, 

Pig. 36.* corresponds with and completes the foam 

. between the pterygoid plates. 

"h ^e vertical portion of the bone is flat and 

tliin, and presents two surfaces. The internal 

one (iiasoT) is divided into two ports by ■ 

transverse ridge (crista transversa),' which 

artiojilates with the inferior spongy bone; 

the space below the ridge forming part of 

the inferior meatus, that above it, of the 

middle meatus. The external surface, roug^ 

and unequal, fig. 36, is divided by a vertical groove, which 

is completed into a canal (posterior palatine eatial) by the 

■pin«. 4. Tha tnberosil?, 6. Its amDoth put for tha pteijgoid foao. 
6. Crest for the inferior torbinsta bone. 7. 9p}ienn-)iiiUtine foranua. 
8. The Bphenoidal prooeu. 9, Thn orbital pn>c«u i and ID, 11, 
12, 13, It, are differeat sur&cea of the orbital proesai. 
* 8m not« nbore. 
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THE PALATE BONE—OSSIFICATION. 



Lasj bono. The posterior part of tliLn Hurfacc articulate* 
tlie rough hiiider border and inner surface of the 
nuuuUary bone ; ftnd the anterior, thin and Boaly, with the 
side of the antrum. 

The vertical portion of the palate bone presents at the top Divided fii- 
a notch,' forming the greater part of a, foramen, which is 'Sj^^e, '"" 
completed by the sphenoid bone whon the jMUla are in their 
natural position, ITiis is called tlio apJutut-paiatine foramen ; ^|^'^^ .^ 
anil oul«ide it is placed the nervous ganglion of the same qitiono-po- 
Diune (Meckel's gauglion). Thia notch divides the npper ^""'°"' 
part of the bone into two processes or heada, an anterior 
or sphenoidal, and a posterior or orbitaL 

The apheiwidal process," smaller and not ho prominent, 6i<hainiiUt 
presents three sutfeces, of which one, internal, looks to the •■■ 
niuul fossa ; anoilter, eitamal, forms a small part of the " 
zygomatic fosaa ; and the third, superior, grooved on its 
upper aspect, articulates with the vomer and the under 
surface of the sphenoid bone, and forma the pterygo-ptdaline 
canal with the groove on the inner pterygoid plate. 

The orbital process • inclines outwards and fonrards, and OrUtil 
has five Burfaces, two of which are free and thre« articulated ; p™™" ■ 
of the latter, — the internal one, hollowed, rests against 
the ethmoid bone, and covers some of its cellules ; the 
anterior" is flat and articulatoa with the superior maxillary 
1>one ; and the posterior'^ (which is hollow), with the 
.sphenoidal spongy bone, and forms part of the sphenoidal 
sinus. Of the non-articular surfaces, one superior," 
smooth and oblique, constructB a small part of the floor of 
the orbit ; the other, external," looks into the zygomatic 

Ariiculations, — With tlie corresponding palate bone ; with connociion 
the superior miixiJlary, ethmoid, aphenoid, vomer, and the S.dm" " 
inferior and sphenoidal spongy bones. 

Ouifieation. — The palate bone ia formed from a single Growth. 
centre, which is deposited at the angle formed between its ^^cn^" 
parts. From this the ossification spreads in diflerent 
directions — upwards into the vertical plate, inwards into the 
horizontal one, and backwards into the pyramidal process. 
For a considerable time after it has been fully ossified this 
' e horizontal plate 



Is the vertical q: 



a length in the foetal skull. 



VOMEE AND INFEEIOB TURBINATE BONE. 






Tba Tomer (fig. 43,'), bo colled from its resemblance « 
ploughshare, is flat, irregulorly quociriliitenLl, and plnced 
TBTtioaily betweoa the nasal fasBB), preBenting two surfaces 
and four borders. The lateral aurfeces form in part the 
iuiier walls of the nasal foasie. The superior border, thick 
and deeply groored, receives the rciBtrum of the aphetioid 
'- bone ; the margins of the groove expand and are articulated 
with the palate and sphenoidal spongy bones, and with tb« 
small lamella at the root of the pterygoid process. Tlw 
inferior is received into the fiaaure formed by the inUt« 
plates of the superior maxillary and palate bones. Ths 
anterior border, aUo grooved, presents two portions, into 
one of which ia implanted the descending plate of the ethmoid, 
and into the other the nasal cartilage. 
Fig. 37.' Theposterior border, separating the pos- 

terior nares, is thin and unattached. 
!■ '— ';;^;;S^^^ Oisifl«u(iof I begins in the vomer about 

i--''^' ^' i. tlie Bome time as in the vertehne. In 

-^ ?^E^ -: the early periods the bono consists of 
two kmince separated by a considerable 
intorral, except at the lower border where they are j'tuned 
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SONS. 



Each in/nrior turbinate, or sp<n\fgy boiic, is so called from 
"' its texture in tho latter case, and from some resemblance to 
the lateral half of an elongated bivalve shell in the former. 
Sittukte in the nose, it extends from before backwards, 
along the uossl fossa, and appssis as if appended to the side 
of the superior maxillary and palate bones. It is slightly 
convoluted, and presents an external concaye surface, which 
arches over the inferior meatus, and an internal convex 
surface, projecting into the nnsal fos-w (fig. 42,'"). This 
bone is expanded and thin in front, but pointed behind ; and 
it has not any canals or foramina for tile olfkctory nerve, 
like the spongy bones of the ethmoid, but is marked by 
horizontal branching grooven (in part canals) for other uervn 
and vessels. Its aujierior boriler articulates witli the 
ascending process of the maxillary bone before, with the 



THE INFEHIOR MAXILLAttY BONE. 

Iftte bone heliiuil, and near the centre, by lueaas of a and con 
iug part, with the OS unguis ; it presents alsoahooked "■ 
i, which curves clovrawords ftud articulates with the 
e of the antrum. The inferior border is fr«e, thickened 
i slightly twisted, ajid dependent. 
mOaiiJication commencati about the middle of fcetal life, and Onmth. 
n a single point. 



MAXILLiRY I 



18, (oB maiilhe Inferius, i 




Die inferior nmsilla, fig. 

^) of considerable 
■ i the thickest and 

mgestboue of the face, 
of which it fonjiH a lHrg« 
portion of the sides mid 
fore port. It ia convex 
in its general outline. 
And siiaped somewhat 
like a horse-shoe. It 
ia usually coosidered as 
divisibli' iuto a middle 
larger portion — its body, 
and two bmnchen or 



The body is placed luiriEontally ; its external surfuw is T 
convex, and marked at the middle by a vertical line ' indi- 
cating the original formation of the bone from two lateral 
parts, and named its irymiihysiii. On each side of the s; 
symphysis, and just below the iuciaor teeth, is a superficial 
d«preasioti,^ (the incisor foua,) which gives origin to the 
levator menti muscle ; and, more eitemolly, a foramen,* 
(/oramen labiaU, mcnfide,) which transmits the facial f*' 
branches of the dental uerve and artery. A raised line may 
be observed to extend obliquely upwards and outwards from 
tho symiihysis to the author border of the ramus ; it 
imed the external Miqiie line,' and gives attachment to e 
The internal mrface of the body of the bone is °' 
its general outline, and marked at its centre by a 



^Rkcai 



* 1. The bud;. 2. The symphfaia. S. The iaciur foasa. i. 

Forsmed lubinle. S. The external oblique lloe. 6. The mjrlo-hyoid 

riJge. 7, Rsmua of the left aide. B. iDferior donlal forameii. 9. 

__Ufla-bj(ild groove. 10. The coroooid prooei*. 11. The uaik. 12, 

Bdyle. 13. Sigauid uoteli. 



THE CRANIAL S0TDBE3. 



'9 The bones of the skull, and those of the face, are joined 
* together bj seams or sutures. The cranial sutures are com- 

' monly siud to he live in number, of vhich three are tenned 
ierrated, the margins of the bonos being, in a manner, dove- 
tailed one into onotlior : the remainiiig tno are called 
squamous, oh the boues merely overlap one another, Hke the 
scales of fishes. The serrated sutures are, the coronal, the 
lambdoidal, and the sagittal. These names are obvioiudf 
ill-chosen ; they convey no notion of the positiou wbich tba 
sutures occupy in the skull, or of tiie boues which thojr 
connect. 

The coronal suture (sutum coronalis) has been so named 
from being situate where the andeuta wore tlieir garlaudg 

, ; (corome). It connects the frontal with the two parietal bonei, 
and hence it may with more propriety be called '- frtmto- 
panetal." It commences at each side about an inch behind 
the external angular process of the frontal bone, where the 
anterior inferior angle of the parietal articulates with the 
great wing of the sphenoid bone. From this point it mounts 
rather oblltjuely up towards the vertex, having on inclinv 
tion backwards. The dentations are better marked at the 
sides than at the summit of the head, for in the latter sittu- 
tion the suture approaches somewhat the squamous character, 

■ to ftUow the frontal bone to overlay the parietal A tdmilu' 
change takes place at its lower part or commancement, witi 
this difference, that there the parietal bones are made to 
overlay the frontal. 

The luinbdoid auturo (sutura lambdoidalis) is placed bc- 

' tween the occipital and the parietal bones ; its form resem- 
bles somewhat that of the Greek letter A, whence its name 

, . has been taken. It begins at each aide on a line with tho 
posterior inferior angle of tlie parietal bono, itnd thence in- 
clines upwards and forwards to the point at which the two 
parietal bones are Joined by the sagittal suture. It thus 
represents two sides of a triangle. It is often interrupted 
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Wormikna). From i 




THE CaAXIAL ASD FACIAL SDTtlRES. 
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L this suture may be named " occipito- 



position an 
pariebU," 

The Mgitljil suture {b. aagittalis — sagitta, an airow) es 
lends directly buckwards, from the middle of the coronid ti 
that of the lombJoid suture, oud uotmecta the ivm parietal 
bcues, from which circumstnuce it may bo colled the " 
parietal " suture : in childreu, and occa^onally in adults, it 
is prolonged through the frontal bone, even to the root of ]^ 
the noae. 

, The lino of uniun between the occipital and the temporal a 
B at each side used to be considered aa a continuation of " 

» lambdoid anture, or as an appendix to it, and 

igly named additamenhan, utiturie lambdotdalU. It 
nay, howcTer, bu named lanporo-iieeipital, as it couiiucts the it 
numtoid and petrous parts of the tumporol bone with the 
occipital — principally its basilar and condyloid portions. In 
this suture there are no regular denticulations ; in a great 
part of its extent the margins of the bones are nierely ii 
apposition. 

The sipiamowi sutures (suturtu gquamosie) are archod, and ^ 
mark the junction of the lower hordera of the parietJil bones 1" 
with the squamous parts of the temporal, the edges of the 
bones being so bevelled off as to allow the latter to overlay 
the former. At the point of j unction between the squamous 
and mastoid parts of the temporal bone, the true squamous 
suture ceaaes ; but from thence a shortsuture runs backwards 
to the lambdoid, counecting the mastoid part of the temporal 
with the postero-inferior angle of the parietaL This is iti 
termed additatntntwn siiturii' a^iuimujtE : — both together form 
the " Umparo^rietat" auture. 

The lines of direction of the sutures (particularly the Iamb- w 
lioid and sagittal) ate not unfrcquently interrupted by 
additional bones, inserted between those hitherto enume- 
rated. These, irom being sometimes of a triangular form, 
are called ow(i frlqMetrn, and also os»a H'ormiaiia. The 
sutores present a serrated appearance only on the external cl 
surface of the bones ; the internal surface, or table as it ts ,„ 
called, of each bone being merely in apposition with that of 
the contiguous bone. 

The cranial bones are joined to those of the face by Butures, Si 
which are common to both sets of bones. The tramvme °^ 
suture, observable in part at the root of the nose, extends u 
across the i irbits, and tonnects the frontal with the nasal, B«pe- 

r maxillary, o.iaa unguis, ethmoid, sphenoid, and malar 



THE GENERAL CONFOKMATION OF THE SKULL. ^H 

bones. The xygotnatic auturoH are very short ; they are directci 
obliquely downwnrda and backwards, and join the zygomatic 
pracefises of the temporal with the iiialar bones. The ethmoid 
Biitiit'e sniTOunds the bone of the same usme ; bo does the 
Bphcniiid ; they are neoeHEorily complex in uousequfitce of 
the many relatioaa of theso bonea. The connection betweea 
'° the nasal and mnxilliuy Uinea, though sufficiently marked, 
has not received a. particular name ; but that observable 
between the horizontal part of t]ie latter and the palate 
bone, may bo termed the piUato-maxitlary suture. 



THE OEtraRAL CONPOEMATION OF THE SKULL. 

ill After having describod, in detail, the separate bon« 

'^' the akull and face, it becomes neceHsary to review them col- 
lectively. The description of these bones forms the most 
difficult part of hiunan as well as of comparative ostoology, 
as they are the most complex in the whole skeleton ; but a 
correct knowledge of them is iudiai>enBable, in consequence 
of the many important parts which they servo to siiatatn and 
enclose ; viz. the cerebral mass, with its nerves and veasela ; 
the organs of sight, hearing, smell, and taste ; and parts of 
those of mastication, of deglutition, and of the voice. To 
™<^ facilitate the description of the numerous eminences, deprea- 
I. aions, cavities, luid foramina of the skull, anatomists 
flucceisively its external and its internal aurfaces. 
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Thia anrfaoe may be considered as divisible into fir* 
1^ regions, three being somewhat of on oval figure, and situate, 
u. one superiorly, another at the luise, the third in &ont, in- 
cluding the face ; the others comprise the lateral ports, and 
are somewhat flat and triangnlar, 
,A, The jiiperter mgum extends from the frontal eminences 
• to the occipital protuberance, and transversely, fi:om one 
temporal ridge to the other ; it thus includes the upper broad 
part of the frontal, almost all the parietal, and the superior 
third of the occipital bone, which together form the vaulted 
part of the skulL It is divided into two symmetrical parts 
by the sa^ttol suture, and its continuation when it exists ; 
it preMiDts no n|>erture or other inequality deserving of par- 
ticular notice. It is covered by the coTumon integument 
and ocdpito-frontalli uuiscle, on which ramify bronchM^ * 



THE SKULL -ns KXTEENAL 8DRFACB. 

the froutal, tompornl, occipital, oud miricuLLr vessels, as well 
OS brnnohes of nerves from the fifth and portio dura, and 
nlso Cram the occipital nerve. 

B. The iufrrior riffUin (&g. 41), also oval in its oatline, ia tnrorh 
the moat complex of all, as it inclDdea the entire base of the [^^" 
Hknll, extending from the incisor teeth to the occipit*! pro- "itull ; 
tuberanuti, imd transversely, from the mastoid process &nd it 
dental arch on one side, to the corresponding points on the jjjj,'*!!?^ 
other. It may be considered as divisible into three parts — paru, 
anterior, middle, and posterior. 

1. The linkrior part of the baae corresponds with the ex- Antorio 
tent of the arch of the palate. It is divided into two equal I'^'" P*"- 
portions by a line,' extending trom before backwzirdB, and 
marking the Junction of 
th« palate processes of the P'S- *1-* 
superior maxillary and 
pakto liones ; this is in- 
tersected by another,' run- 
ning transversely between 
the palate and the cor- 
responding maxillary bono. 
Anteriorly, and in the 
middle line, is a fossa or 
canal,° (the anterior paltt- 
(tii«,) which comnituiicates 
with the nasal cavity by 
four foramina or Rhott. 
canals (for a description of 
theao, see page G6.). Pos- 
teriorly, on each side, and 
just within the alveolar 
border, is another fora- 
men,* (jHMferior palatine,) 
for the posterior palatine nerre and t 

2. The middle, or guttural part, is bounded at each idde Middig or 
by a line extended from the pterygoid process,' to the maa- ^tC h» 

* 1. Tbe loagitadinal pnlalat aatim. 2. The tisiiiTStfe pabbJ 
sntiire. 3. Tha anwrior palatine forBmeo. 4, Tlie lower opening 
of the pwlerior paUline canal. 5. Ttia eitemal |iWrjg«d process. 
6. The maMoid proocH. 7. The baiilnr proeese. 8. Petroui p»rt of 
the tainpoml bone. 9. PoTamen EaMrum jngalore^ lU^ Foramen 
locenini medinm ; vol f. 1. aaltrius hana mmii. 11. Foramen ovale. 
12. Spinoiia foramen. 13. Carotid foramen. U. Septum nnriom— 
Ihe vomer. 15. The condylei of the occiiiilnl hone. 18. The eoody- 
loid fossa. 17. The stylo -roostoid foramen. 




S4 THE SKULL— ITS EXTERNAL SOEPACB. ^^ 

toid process," and buhind, by a line in front of the forameo 
magiium, thus iacladiug the posterior aperture of the iitvres, 
and the central part of the base of the Hkiill. In the centre 
of this apace is situate the basilar process ' of the occipital 
bone, miuked by slight inequalities for the attncluiient of 
muscles, and on each side, towurda its posterior boundary, 
the anterior condyloid fonimi.'ii, which truDsmits the ninth 
nerve. On each side id the para petrosa" of the temporal 
bone, with the etyloid and TTiginal procoases. More pos- 
teriorly is the jugular fossa, which is completed into a fora- 
toremina, men' (foramen lawram jxujvJare) by the border of the 
occipital bone : the margin of thia foramen is undulating 
and esliibits one or two points on each side, according to 
the number of the subdivisions of the CBvity in the 
recent «tiite. The foramen ia generally divided iato tlirea 
compartments by processes of fibrous tiBSue ; thi-nugh the 
anterior luisaes the inferior i>etro&iU vein, thnmgh the middle 
one, the eighth nerve, and through the posterior the jugular 
vein. Boimded by the apex of the pars petrosa, the side rf 
the basilar process, and the body of the Bphenoid bone, is the 
foramen ;<iMrum itwis wnnii," whidt is closed by oirtiloge : 
across itt area, as viewed at its upper or cerebral aspect, ruiu 
the internal carotid artery, togetlier with the Vidinn ueire ; 
and through it paas some small Teasels, especially vcdoA 
Between the contiguous margins of the pais petroaa and the 
great ala of tile sphenoid bone is a groove, which leads 
forwards to the Vidian fommeu, and backwards to the cavity 
of the ear, and lodges the cartilaginoua part of the Eustadiioa 
tube. The other fomuiina of tliis region, taken in their order 
from within outwards and backwards, are, tlii.' foramen 
ovale," foramen spinoBum,'- fommen caroticum,'^ aud fore- 
men stylo-mnstoideiun.'' 
PonMnut In the fore part of this division of the base of the skull is 

"""*" the posterior aperture of the aares, which is dividecl into two 

parte by the vomer." It is bounded abox'e by the sphenoid 
bone and the vomer, below by the palate plates of the oaaa 
polati, ai^d on tiie siilcs by the pterygoid processes. Each 
Opening measures about an inch in the vertical direction, 
and half that eitent transveraely. Of the two pLites which 
Ptotyeold constitute each pterygoid process, the iimer one is much the 
p™*", Old smaller : near its junction with the body of the bone is the 
scaphoid fossa, for the origin of part of the circumflexus 
paluti ; and at its inferior termination is the hamulor pro 
round which the tendon of that muscle is reflected. 
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e (rout of the pterygoid procem* and the posterior palatine 
1 LB situate ii Biunll opening, which leads into the 
mailer poatsrior palatine canal, and transmits the middle 
palatine nerve and vessela. The pterygoid groove is com- grmTc. 
pletod inferiorly by the pyramid&l process of the palate bone. 

3. The pottervir part of the inferior re^on indudeB all Tbs potti 
that is situate between lie occipital protuberance and a "^ p"* 
line connecting the mastoid processes. It is divided intobounai; 
two lateral parts by a ridge, extending from the foramen 
Diagniun, which occupiat its fore part, to the occipital pro- 
tnb«rauce. From the ridge two rough curved lines branch 
outwanls ; these give attachment to musclea, so doea the 
e between them, as well as that betweeo the inferior one 
Bid the foramen magnimfi. At the margin of the foramen, forenJiui 
■ to its anterior part, are the condyles" of the ooci- 
J bone, which articotate with the fiist vertebra ; behind 
loh is a depressioD '^ (condyloid fosau), and often a foramen Orcipltsi 
aitrior condyUnd), whioh transmits a small vein. 
. TTie ajiferwr rejioii of the skull is of an oval fonn ; Anwrior 
i extends from the fi-ontal eminences to the chin ; and J||!£|ft'' ' 
'from the eitemal border of the orbit and ramns of the jaw, 
ott ODe side, to the corresponding points on the other, so as 
to include the whole of the face. The eminences, depree- 
aons, foiEie, and foramina observable in this region, nre as 
Ijfellow ; vii, the frontal eminences, more or less prominent "'J'^?'?'' 
1 different indi^'iduals, bounded inferiorly by two slight 
B, which se[iaTate them from the superciliary ridges; 
curve outwards front the nasal process of the 
mtal bone. Below the sujierciliary ridge, on each side, is 
3 maigiu of the orbit, marked at the imion of the middle 
ritb the inner third by n, groove, or a foramen, which trans- 
mits the frontal nerve and Eupr.i-orbitol vessels ; and also by 
a slight depression, which gives attachment to the cartilagi- 
nous pulley of the troohlearis muscle. Ijower down, at an 
interval corresponding with the breadth of the orbit, is 
another ridge, forming its inferior margin ; under which is 
situate the infra-orbital foramen, for the passage of the 
superior maxillary nerve and vessels. Still lower down is 
the fossa dutina, which gives attachment to the levator 
Unguli oris muscle; it is bonnded below by the alveolar 
■K^er of the npper jaw, and sunnounted by the malar 

V * In Eame bodies tbere will be two or more a)i«'tures inslend of miv. 
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tuberositf. In tlie middle line, and corresponding with the 
iutcrvul botneeu the orbits, ib the aaial eminence of the 
frontal bone, which ia prowiueut in proportion to the devel- 
opment of the frontal sinuaeB over which, it U placed ; it it 
bounded below bj the tranaTetse Buture, which murks tlio 
root of the nose. Below the uasid and between the con- 
tiguous bnrdcTS of the auperior maxillary bones, U a triaugtdar 
opening which leads into the nasal fossce ; it is broad below, 
and there its edge in surmounl«d in the middle line 
by the prominent point of the naaal Bpines. Laterally it 
presents two sharp curved borders, which gradually incline 
inwards us they ascend to the nasal bones, so as to naxrow 
it Boraowhat. Below the nasal aperture is a Blight depreaeion 
(niyrtifonn fossn), at each side of the nuddle lino orer the 
alveoluH of the second incisor tooth. Farther down is the 
transTerse opening of the mouth, between the alveolar borders 
of the jaws. In the inferior maxillary bone, besides stmie 
muscular imprciiaions, is the labial or mental foramen, wluclt 
transmits tlie facial branchcii of the dental nerve with 
its vesBeb, 

D. and E. The two lakrat rugioiie of the skuU ore Bome- 
""^ what of a triangular figure, the Kpex of the triangle being 
below at the tuberosity of the upper Jaw, the base at the 
tempoml ridge, and the sides formed by two lines drawn, 
one forwarda, over the external orbital proccRs, the other 
backwards, internal to the mastoid process. In consequence 
of the great irregtdatity of the surface, it is necessary to 
subdivide each of these regions into three ; the part abore 
the zygonm being called the temporal region or fossa, that 
heueath it, the zygomatic. Ilia remainder being numcd the 
mastoid. The lost two can be boat studied when tho lower 
Jaw has been token away. 

1. The Umiioral part, or fossa, being bounded by the 
J temporal ridge above, and by the zygonuitio arch below, is 

of a semicircular form, and extends from tho external 
angular process of tho frontal bone to the base of the 
mastoid process. It is filled up by the temporal muscle^ 
lodges the deep temporal vesseU and uerTBB, and is formed 
by the temporal, parietal, frontal, sphenoid, and malai 

2. The maiUrid part is bounded before by the aiitcrior root 
"' of the zygoma ; above l>y tho poaterior root and the addita- 

mentum snturie aijuamofue ; behind by the odditamenttua 
^utune lambdoiduliH and the vaginal [roceaa. 
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n behiml forwarda, are the innatoid fiiimnen, and tho pro- 
is of the sHine uiune ; anterior to this U the aperture of the 
eatua auditoriuB extemua, which ib circular in jouug persons, 
d somewhat oval in adults, with the langt«t diameter from 
B dowiiwardn. This osfieous tube, ooutiauoua externally 
* with the fibro-cartiluge of the ear, and bounded iutemnlly 
hy the membnuia tpnpani, is directed ohhquely forwards 
and inwards, and is somewhat broader at its extremities 
tlum in the middle. Anterior to the meatus is the glenoid 
which is bounded before by the auterior root of the 
pana, behind by the styloid and vaginal processes, and 
dly by the spinous process of the sphenoid bone. It 
■ divided intti two portions by a tronsTeree fissure {Jiaura 
:ri) ; the anterior portion ia smooth, for its articulatiou 
ith the condyle of the lower jaw ; the posterior, rough, 
a part of the (lorotid gland. This fissure gives entrance 
i> io the liutator tympani muscle and a small artery, and 
tnnsmits outWHrda sometimes the chorda tympani nerve. 

3. The Ttjifomntic part of tho lateral region, situate 
deeply behind and beneath the orbit, is bounded before by 
the convex port of tho superior maxillary bone, and is 
endowd between the zygoma and the pterygoid process. 
The poaterior surCicu of the muxillury bone is piercod by 
some small foramina, opening into canals, for the trans- 
mission of the superior dental nerves and vessels. Between 
the superior border of this bone and the groat ata of the 
■phsiuud, is a fissure (tpheJio-nuixUlary), which is directed 
forwards and outwards, and communicates with the orbit ; 
and between its posterior border and the pterygoid process 
is another ( fiUryjo-muxiUarii), whose direction is verticaL 
The angle formed by the union of these fissures constitules 
the tphenO'iiUKtillari) /uww, which is placed before the base 
of the pterygoid process, behind the summit or posterior 
tarminadon of the orbit, and immediately external to the 
OMol fossa, from which it is separated by the perpendicular 
plate of the palate boue. Into this narrow spot five fora- 
mina open, viis. the foramen rotundum, which gives passage 
to the second branch of the fifth nerve ; the foramen ptery- 
goideom, to the pterygoid or Vidian nerve and vessi^ls ; tho 
pterygo-palatine, to a smnll nerve and vesaab of tho same 
name (sometimes culled also the superior pharyngeal) ; the 
poaterior palatine foramen, to tho posterior palatine nerve 
and vessels, and the spheno-palatine, which transmits the 
spheno-palatine nerve and vessels. 
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The internal aurface of the akull may be divided into Hi 
OTch and its base. 

The arch extends from tlie base of the petpendiculor part 
' of the frontiil bone, aa far as the transverse ridge on the 
inner surfaca of the occipital bone. Along the middle line, 
and coireBponding with tho direction of the sa^ttal snture, 
is a ahftllow groove, marking the course of the tmperior 
„ longitudinal sinus. Several alight, irregular depreAsioni 
' for the cerebral convolutions may also be observed, and 
some tortuous lines for tho branches of the meningeal arteiy; 
and in many cases irregular depressions mark the position 
of glandulffl Pacchioui. The sutfiice is more or less de- 
pressed, BO as to form foasn, at the points corresponding nith 
the trontal and parietal eminences, and also above the trana- 
verae occipital ridgo, where the posterior lobes of the bnun 
are lodged. 

Tlic base of the skull presents on the inner surface the 
several eminonces, depressions, and foramina, which have 
beeu akcaily enumerated in the description of the separate 
boues. Three fossee may be observed at each side, differing 
in size and depth. 

1. The anterior fossa, the shallowest of the three, is 
J, hollowed in the middle lino, but raised and convex exter- 
nally. It is formed by the orbital plate of the frontal bone, 
the smaller wing of the sphenoid, and the cribriform plate 
of the ethmoid, and serves to auppoit. tho anterior lobe of 
the brain : it is marked by eminonces and depreesions 
answering to the cerebral convolutions and sulci ; and, 
posteriorly, by a transverse line, indicating the junction of 

n. the bones just mentioned. The foramina in the anterior 
fossa are those in the ethmoid bono for the transmission of 
nerves and vessels to the nasal fa-tste ; via. the olfactory 
nerve, the nasal branch of the fifth cerebral nerve, and the 
ethmoidal branches of the ophthalmic vessels. 

2. Tite m iddln fossa, is deeper at tho outer side than towards 
the middle liue ; it is formed by the sphenoid bone, the 
aquaraoua part of the temporal, and the anterior surface of 
the pars petrosa; it lodges the middle lobo of the brain. It 
is marked by linear impressions for the meningeal artery, 
and by shallow pits for the cerebral convolutions ; antciiorlji 
it opens into the orbit by the ephenoidal fissure (so 
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callad fonunon laoenim orbiUiJe to dbtingtiish it from those hu far 
forftmina laoern placeti farther back and already noticod), "'"■ 
which tronaimts the third, the fourth, and the sixth nerves, 
together tnth the ophthalmic branch of tha fifth, and the 
ophthaliuic vein. iBahiud this is dtuate the foramen rotim- 
duiu for the second trunk of the fifth, the foramen ovale for 
the third trunk of the Baine nerve ; and lastly, the foramen 
Bpinosum for the middle meningeal veBaek. Where the aummit 
of the para petrow npiiroaches the body of the sphenoid bone, 
there the intemsl orifice of the carotid canal appears. On 
the anterior surface of the pan petrosa, and directed obliquely 
liaokwards, there is a slight groove, leading to the hiatus 
Fallopii, and trunsmitting the largo petrosal nerve. 

3. The poiUrior fona, deeper and broader than the Pogter 
otheni, extends backwards to the occipital protaberance, and """^'^ 
is constructed by tha occipital bono and the maatmd and '•* p" 
potrouH parts of the temporal hone, wid gives lodgment to 
the lateral lohos of the coreliulluni. In the poBterior 
surface of the pars petrosa, which liniitit anteriorly this 
foiwa, ma; be observed the intenuU auditory foramea, and oititcu 
abnut a quarter of an inch behind it, a fissure marking the '""'^ 
opening of the aquieihictua vestibulL Towards the inferior 
margin of this surfiice is part of the groove for the lateral 
sinus, which leads duwu to the foramen lacenim jugulare. 

Along the middle line, and taking the parts in the base Puisi 
from before backwards, we observe the foramen csecum, the ^^^^| 
crista galli of the ethmoid bone, and on each side the cribri- "ituU- 
fiirm lamella of that bone. Farther back is a slightly 
elevated surface, which supports the commissure of the 
optic nerves ; and on each side are the optic foramina. 
Behind this is the pituitary fossa, placed on the body of the 
sphenoid bone, aud bounded before and behiud by the 
ctiuoid procesaes. Leading downwards and backwards from 
these, is the basilar groove, which supports the pons Varolii 
aud medulla oblnngato, and terminates at the foramen 
magnum ; iit each side of this foramen are the condyloid 
foramina, and behiud it a crista, leading upwards to the 
oooipital protuberance, and giving attachment to the falx 
, oerebelli, 

THE ORBITS, 

I Tlie form of the orbits is that of a quadriJatera] pyramid, Th« orUM: 
I base is directed forwards and outwards, and apex Slwii" 
and inwards. If their as^s were prolonged Axis. 
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cervical vertebra. Thus, the cenbe is rtiprefiented by tlie 
h bamlar procetia (tig. 18, '") ; tba neural ring by the fonuueu 
tnagnam^ ; aud the neural arch (aeurapophyBeti) and spioe by 
the expanded hmder part of the bone (fig, 19b* **-). Thv 
coadyles are the counterpart of the articulating pracesueB 
(fig. 17,") ; aa the jugular ewiuencos are of the trwisverBe pro- 
c«ss» of the arch (fig. ] 8,^. The hcemal arch ia the loop 
that supports the upper luubs. In man this is dissociated 
from the reniainder of its appertaining vertebra, but in the 
fiah it remaiiia permanently in connection with (ie rest of 
its proper vertebral segment — the ocoipitaL 

The chief peuuliaritias iu this segment are the increase in 
the neural arch and spine, and the displacement of the 
heemal arch. 

Parietal ttrtebra. — -ThercBeniblanoeof this group of bones 
to a vertebral segmont is at first sight less tnarked than 
in the preceding case, though with some attention it nuty 
- be recognised. For instonoe, the counterpart of the centre 
is the posterior part of the body of the sphenoid bone, (fig. 
3, a')— which is a dUtinct piece at an early period of the 
growth of that bone. The neural arch is very large, and is 
formed by the great wings of the sphenoid bone, n. ap. (neor- 
apophyae^) and the parietal bones, n. b. fueural iqiLnc). Tba 
hKmal arch is here incomplete. It is formed by the hyoideMi 
apparatus, viz., the styloid process of the tempotAt bone, pL aip. 
(pleurapophysis), and the small cornua, h. ap., and the body, 
h. B., of the hyoid bone (hcemapophysis and h»mal spine). 

The Tisceml nxches of this segment exhibit a marked oon- 
trast : for, whilst the neural arch is large aud perfect, with 
appropriate articulation of its component pieces, the hosmal 
arch is atrophied, and is completed for some diutanee by the 
stylo-hyoid ligament, which is at times converted into lione. 

Fronts mrtebra. — The third segment limits the cranium 
in front, and haa a large neural arch like the two vertehno 
behind it. The anterior division of the body of the sphenoid 
in the ftetns — the part supporting the small wings, aniweia 
to its centre. The neural arch is constructed by the small 
wings of the sphenoid (neurapophyKea), and by the upper 
. part of the frontal boue (neural spine). The hsmal «rcb 
(mandibular) forms the lower boundary to the opening of 
the mouth ; its componeuts nre the tympanic portion of the 
temporal bone (pleurnpophyaiii), which the jaw touches 
together with the mandible or lower jaw (hmmapophysia aiul 
hiemal spine). 
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^^B The frontal vertobra resembles tlie oocipitiil with respect PecuUiri. 

^^f to the condition of the neural spine. At an early perioil of ^°^ 
its growth the spine is composed of two separate piirta, aa 
in the parietal segment, but these are subsequently united, 
and BO close the cranial cavity in front. 

• Natal verlebru, — In the nasal segment the elements pro- Fourth it, 
MDt the uanal characters in a less obvious manner than in '""'''■ 
the other vertebne of the head. It« centre, which is in CeDtn, 
Advance of the cranium, enters into the couHtructioa of 
the partition of the nose ; and, being flattened, forms the 
bone called vomer. Tlie neural arch not being required "'^ iiew«4i,| 
to enclose any part of the nervous centre, its elements 
(neurujiophyseB) are blended together, and constitute the 
central portion of the ethmoid bone, — also a port of the nasal 
septum. The neural spine is represented by the nasal bones. 
The hiomal arch is found in the roof of the mouth ; in it are " 
the palate bones (pleuiapophjses), with the upper jaw-bones 
(hsnutpophyseB and hsmol npine). 

As this segment b situate chiefly in front of the brain, r«iilUdtiM .! 
and does not take any large share in the fonnatiou of the ^'^^ 

teronial cavity, it undergoes greater modilications than any 
of its feUows. It wants the neural ring, like the coccygeal 
Tertebne. 
The cnmial segments, as above considered, aflbrd a striiting Koriuw of 
eiemplifioation of the general statement, that variations in the -u, ui"S^ 
vertebral segments are determined by the special purposes t™nB. 
which they serve in the economy of the being, but yet with- 
out any departure from the original plan or pattern traceable 
in the constructiou of the skeleton. Thus, the centres of Virintiou 
the first three cranial vertebra; retain that office of support- p^^J^ [„ 
ing ftud protecting the nervous centre, which those of other ""i 

»vertebr>n possess ; while in the nasnl one, where the like u mxn m 
function is not assigned to the centre, it becomes a thin and ^'' '™n«^ 
almost diaphanous plate of bone, which serves only to 
■eparate the nasal fosste. In Uko manner an increase in tlisnaimi 
the neural arches is determined by the size of the contained "'''"■ 
brain, over which they grow ; and where parts are not re- 
quired to enclose the brain, as in the nasal vertebra, the 
neural ring is wonting. The ha>ma! arches also undergo J^^^^JJ* 
t toBnsformations, which accord with superadded functions ; MeluiiL 
Mbr instance, that of the occipital vertebra, whilst supporting 
~ G upper limbs, has its first element, the scapula (plmirap.), 
1 for muscular attachments ; and lastly, the frontal 
I ud nasal loops, which bound the moutli, are additionally 
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XiroviJed, ia each inNtance, vith a set of bony appcadage* 
(the teeth), for Iho purpose of aeizmg and cruehing the food. 



"f ^ *^ . The head is composed of two parts, as has been 
lUre^y observed, viz. : the cranium and the face ; the ont^ 
cranimn being inteuded to oontom the brain — the material instni- 
meut of the mind ; the other to eucloae the organs of sight, 
ReUiivo smell, and taste. The more the organs of smell and tii«te 
' are developed, the greater is the size of the face, and the 
greater its relative proportion to the cranium. On the coo- 
bUdws lizD trury, the larger the brain, the greater must be the capacity 
andth^"'''' °^ ^^^ akull, and the greater ita proportion to the face, thi 
»iiH*, this principle, a, large cranium and a small fsoe indicate a 
largo brain with n restricted development of the senses of 
HiueJl and taste ; but a small cranium and a large face mark 
an opposite conformation. The characters and the natures 
of animals are determined by the degree of energy vrith ivhich 
their different functions are performed ; they are guided 
and impelled by some leading propensity or disiwBition ; and 
as the cranium and the faoe bear to the brain and the organs 
of sense the relation of containing and contained parts re- 
spectively, the study of their relative proportion^ is one of 
great interest to the anatomist, inasmuch as these serve as 
indices of the faculties, instincts, and capabilities of different 
individuals as well as of classes. 
Bow tba Several methods have been suggested for determining the 

tJ^ISSuiB proportion of the cranium to the face, but none of these are 
two m bo predae ; the simplest is that of Camper. If a line be drawn 
upwards from the side of the cliio, over the most prominent 
part of the forehead, it will form an angle with a horizontal 
line drawn backwards over the eitemal auditory foramen 
from the mai^gin of the anterior uares ; the size of the angle 
will indicate the degree of development of the cranium and 
biain, as compared with that of the face and organs of senMe. 
In the crocodile these lines are so nearly coincident that 
tlieri; is scarcely any appreciable angle. 



In tiie Horse it 



as* 



Mastiff 11 



" Cuvier, Le?on» d'Aiiivti 




THE THOKAX. 



Jn the Omng-utan it 



Enropesji adult 
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I nt the top of t1)D acnle of animated Um 

from all the rest, as well by Lis ex- IJl'^'^ 

il oonformation as by his internal organisatiou, Wlieu ^log*. 

m mind hna passed in review tlie many links of the chain 

pFliich counectB the lowest with the highest— the mere 

oated dot, with man the lord of the creation — it cannot 

'%il to be Btrack with ogtoniBhmeut at the immenBe chasm 

which separates them. Yet, when each link of the chain is 

compared with that which precedes and follows it, the 

transition from the one to the other is fouud to be ao gradual 

L W to bo almost imperceptible. So easy are the stepa of 

I organisation from the higher orders of the 

mlrumaua, up to the human species, that even Linnceus 

it difficult to assign the specific chaiactera by which man 

I distingjiiahable Irom all other animals ; but any doubt 

lat may have existed on this mibject has been long siuoB 

moved. The physical and moral attributes of man are uni- 

' Versally recogniaod as sufficient to elevate him much farther 

from the higher mammalia than these are from the clasHes 

beneath them ; and in the opinion of Cavier,t he should be 

considered not merely ns a distinct species, but even as form- 

I iag a separate order by himself. Whether, then, with the 

wingist, we consider the physical conformation of man as 

Boompareil with that of other animals, or, with the moralist, 

a his mental powers and high destination, we can 

cely refrain from saying, with the poet, 

Sauctins Lis uiimal meiitis<]UH capnciiiB alto 
Qecrat Hdhuc, at qaod doiuinori ia cntera poesot. 
Nitna est bomo. 



THE THORAX. 
Tlie ribbed iMut of tho skoloton^the chest or thorax — Thottinn 
ia formed by the hramal arches of the twelve dorsal ver- hS^^ 
t lebne. In Mven of the s^ments, &g. 44, the arches are ■rchu, 
L complete and consist each of three elements, fig. 1, viz. rib "Qm' o™ 
L^leurapophyais), coatfil cartilage or sternal rib '" (h^mapo- ' 

^ysis), and part of the sternum' (htemal spine); in theaonionot, 
g five the central clement ur hcGmal spine ia wanting. 



THE THORAX. 



i 



and the archea remoui opon. Tha bresEt-boue then in but 
"■ the aggregate of a given number of hsBma] spinea. 

Into the oompositiun of the thorai, fig. 44, entOT | 




Bteninm and the ribi, which are proper and peculiar ta it, 

and the bodies of the vertvhrw, which riro common ta it 
and to other parts. The latter have been alrcaily descnbed ; 
and the former will now be referred to aa separat* p 
or bones. 
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The Btomum (oa pectoris : xiphoides) is situs 
median line, at the fore port of tha tbonis : '* it b flat 
and narrow, but not of equal width in its entii'e extent, 

' A front ticw of tho thorai, rii. the donal TerUbrfP, the ■temnm 
and the riha, with their cartiligee. 1. The Snt frieoe of the steraimi. 

2. IB p]B<«d iippoaite the peiot at which a rib is joined lo the ■tenmin. 

3. ii cloM to one of the articuliir snrbires which the sternam faw Sir 
the clavicle. 1. is on tim middle of Ihe Becuod diriiion uf the irtenium. 
S. The ennforiD cartiln^. S. Tlie groove whlvh marks the lower 
margin of n rib. J, The ponerior end of a rib. 8. Id nedt. 
9. Ihe tubercle. 10. The cartilage. 12. The fint rib. 13. lu 
tiiberodtr. 14. The Snt donal vertebn, IS. Tbs eleventh: 
16. the lait rib. 




THE STBaXUll, 

I'ibeing bnind at its upper part, then Daxrowed somewhat, 
B-«fter which it widBia a little ; finally it bacomas compressed 
laud narrow where it joins the ensifornt curtilage. Its direo- ""^ 'ii">*- | 
(•iioa is oblique frnra above downwards and forwanla ; and 
nclinntion forwards, together with the curve backwards 
n the doTBol port of the vertebra! column, causes a con- 
j Bideroble increase in the antero-posterior diameter of the 
■fthoras. We have to consider successively its surfaces, 
^ cztTemities, and borders. 

The aitUHor miTfaa, slightly convex, and subjacent to the Itssur&m; ' 
skin, is marked bj four transverse lines, indicating the *^u^^'t,r 
original division of the bone into five pieces. The union ^°'" '• 
between the first and second of these pieces (opposite the 
insertiou of the second costal cartilage) is frequently carti- 
la^noiu even in adult age. I 

The posltrior surface, somewhat concave, looks towards the p«tenur. ! 
cavity of the thorax, and gives attachment, superiorly, to the I 

L cterno-hyoideus and storuo-thyroiileiis muscles ; iuferiorly, to I 

I 'tiie triangulurui stemi. I 

The borders ore thick, and each is marked by seven Lotoml I 
r depressions for the reception of the cartilages of the ""si""- I 
V'true ribs, which give it a notched or serrated appearance. I 

The Aupn-ior extremity, broad and thick, is slightly ei- tls ui>psr I 
aavated from side to side, and presents at each corner a "'" ' I 

m -depression for the reception of the sternal end of the ■ 

^idavicle. | 

The sternum, in early infancy, is divided into several WiTM 
I pieces, but in ailult age two only remain distinct. ~ '" 
I two pieces, with the enaifonn appendage, at one time 
■Jnoeived names derived from on imputed likenees of the 
\ irhole to a sword ; but the last-mentioned part alone retains 
the deiignotion grounded on this circumstance." 

The first division of the sternum ' (manubrium or handle) Thn Ant 
IB broader and thicker than the other ; its form is nearly ^°™' 
square. The lateral morgiuB, thin and oblique, present 
I «aoh an oblong depression,' which receives the cartilage of 
e first rib ; and at each inferior angle may bo observed a 

' Ycsalius, Khilat stating that others regsnled the atsmam sod 
L auiform cartiUge aa nsembliiig ft nrari, prefers to compare the {Hcaes 
■ of the itenmni to the handle only of ihM waipaa, adding, in aupport of 
" ' w, tho cotions reason, thus eipressed (,Lib. i. p. 1151, "Se- 
al sntem os, UU poiti caDgmit, qnam manns tota intua <xaa- 
r^flwtjtur, in qiui aiaiu costanuu cutilagiiiibai piraU, eum praatant 
VsniDi quem in gladiuiex maaabrii Sffperitate qoierimns, qaotiea ]Db)rtia 
BodoBisq' tuniculU, autacabm piaois cate, illnd obduri cursmu!," 
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THE 8TEEKC31 AND ENSIPOaH CARTILAGE. 



half notdi, wliich articiiUtea with the cutilage of the secoud 

lubordcri ,^1). The wiperior border ia hollowed, &nd hence the name 
Htcwuro jiemiiiMinm or furciUa, which has been applied to 
it : at the angles whiuh terminate it are the fosscB,' which 
articulate with the clavicles, aa has been already stated. 

audanglos. Ths mfurior hoi'iler is straight, and united to the upp«r 
extremity of the second piece. 

Thasoccpod The Bocoad division,' (the body,) much longer than the 

^°°°' first, is marked on its imterior surface by some tmnevecse 

lines, which indicate its original division into separate 

Suriiuei. portions. Both surfaces are nearly flat. The upper extremity 
ia narrow, correspondijig in breadth with the temiination of 
the fiiat piece, with which it is connected by cartilage. The 

Bonliire, lateral borders present each five notches for the reception of 
the cartilages of the five lower tme lihs, and a half notch 
superiorly, whioh, with a similar depres^ou in the first 
pieoe, forms a cavity for the second oostal cortili^ju. The 
five inferior notches approach one another more closely in 
proportion as they are situate lower down, and part of the 
lut is occasionally made up by the ensiform cartilage. 

PscuiiiiTi* If the atemum is examined in several adult ekeletona, it 
will be fonnd to differ in form, — i. e, in the length of its 
parts, as well as in its breadth at given points ; — but these 
diflerenees are very various, aud are not so considenbls 
as to require detailed notice. Other peculiarities, less fre- 
quently met with, and of more interest, — Ruch as divisioiu 
running through the bone, and perforations of its substance, 
— will be treated of more oonreniently in the account to 
be given of the ossification ; for there the manner of their 
production can be explained by reference to the process of 
growth. 

The inferior extremity of the sternum, thin and elongated, 
gives attachment to a cartilaginous appendix,' called the 
«jwt/i>rm or xiplioid ({i^or, a sword ; tiSor) cartilage, which 
in most instances remains partly cortilngiuous until on 
advanced period of life. Its form varies considerably in 
different individuals ; — it ia sometimes bent forwar<ls, somc' 
limes in the opposite direction, and sometimes pierced by a 
hole at its centre (lig. 4G, a, b, d). It gives attachment to 
the aponeurosis of Ute abdominal muscles. 

ATHeulalion*. — The sternum articulates by its lateral 
borders with the cartilages of the tme ribs, — by its upper 
angles with the clavicles, and by the lower end it is con- 
nected to the ensiform cartilage. 



ThanuL' 
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THE STERKUM— ITS OSSIFICATION. 



Wlicm saweiL across, this bone prosents a considerable sirusturi. | 
quantity of loose spongy texture iii its interior, with a very 
tliin lamella of compact tissue on its exterior ; hence it ii 
very light. 

Oiiijiculion. — Ab far as the middle of fcetal life, or a little Ouiflcn- 



later, the 



altogether cartilB|;e (fi{j. 45, . 



After' 




I 



that time the ossification begins with the fonuation of osseous BitmUo 

granales in the middle of the intervals between the points "•'"'*■*■ J 

at which the cartilages of the ribs ore connected. There 

■re five of these for tho etonium exclusive of the ensifonn 

appendage, and they form as many pieces. The procasa 

of OHsiflcatiou msiies its appearance in the filtt piece Tlmi 

between the fifth and sixth months, and soon following ponnmee. 

in the second and the third, it reaches the fourth at the 

end of f(et4il life, llie osseous centre of the last (fifth) 

varies oonridetably in the time of iti appearance. It 

may be fonnd soon after birth, or may not be risible 

for a considentble time (one or two yeam) after that 

In many canes one or more of the divisions of the VuinUon* 
■temiun ore formed from more nuclei than one, and there ji'^jf i|^ . 

• Viiriona conditiiniB of the sWrnom are reprtsented in these fignrea, 
I The; are desmljvd iucidenULlly in tbc leu. 1. The uiseang navleu* 
I «f the Grat pi«e. I'. Several granules for the tamv. 2. The nnelcus 
[ «k the «e«ond piece. 3, 4. TkoH of the third and fourth. 3', V. 
) Doable nqctei fur tho eame. * * The epi-Bterual gniniil.w. 
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TUB STEKiVUM— ITS OSSIFlCiTION. ^M 

are peculiuritieB with respect to the number and poRitiou 
of these additional granules which require notioa. 

The first pieiw baa oftaii two points of oasification, placed 
uauolly the one abovu the other -, and it hiu lieen found to 
poasesa three. A number, which I believe to bo very un- 
usual (six), are contained in the preparation represented 
in figure t>, 1 '. Tha second has seldom more than a, idngle 
granule (b, d'), but the third, fourth, and fifth pieces 
are fretiuently formed each from, two nuclei, which are 
placed laterally with respect to one another, — not vertically, 
aa occurs in the first piece (n, " *'). , 

The preaence of two points of oasilication having the 
' relative position mentioned, accounts for the vertical division 
sometimes found to run through one or more of the sternal 
. pieces ; and the occurrence of a hole, of varioua size, ooca- 
aionally met with in the middle of the sternum, is explained 
by reference to the aame peculiarity in the manner of growth. 
Thua :- — in the ordinary courae, the ossification extending 
uninterruptedly inwards from the nuclei, the lateral ports 
meet and join to form a single piece before Junction takes 
place with the portion immediately above or below. But 
supposing the formation of bono to caaae when the parts axe 
cloHe together, the division which in all such cases exists for 
a time will become permanent, and if the growth should 
ceaae sooner, a larger interspace (a hole) will be the result 
(fig. 45, e). Farther, if the interruption to the progress of 
ossification should occur at the point where the lateral parts 
of two sternal pieces would meet, the hole is likely to have 
considerable size, for it may then result from an " arrest of 
the development " affecting four centres. 

The five pieces of the sternum constructed in tlie manner 
above detailed begin to join at the lower end of the bone. 
The fifth piece is joined to the fourth soon after pulwrty, 
the fourth and the third arc united between twenty and 
twenty-five years of age, and the body of the sternum is 
usually not completed by the junction of the third piece to 
the second before thirty-five or forty years. Lastly, the 
first ilivision does not in general join with tbe rest of the 
Btemum at any period ; but should its union take place, it 
is to be met with only in old age. 

To the centres of ossification bore described, M. Bresohet* 

* "Becbercbes sur diffSreatea Pieces dn Squeletts dos A4uiiiai]K 
Verl*brc«,"fco. in "AnnalMdesSeienoesNalnretlw," 2*8*rie, I. 10 
(ZoaluKio), p. SI. 
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THE EIBS. 

-lins Added two «miUI epi-Rtemtil granulos, whose poBition ii 
■nfficiently indicated by the nsteriakB •• in figure e. They 
occur only nt rather advanced periods of life ; and they do 
not appear to be couetant. 

The aisiform appendage begins to osaify some years after 
birth, — the time in different cases varying, according to the 
.«beerv&tioQ of B&:1ard, between two years and fifteen or 
«ight«en. The osHification proceeds from a single centre 
dtuate at the upper port, and from this it gradnally extends 
'downwards ; but in most instjincea a portion remains 
cartilagiuous even in rery advanced life. 



The rii< (costffi*) extend from the Tertebral column The riba ; 
towards the middle line of the boily in front, forming arches, ^J'f "''"" 
which construct the lateral parts of the thorai. They are 
usually twelve in number at each side, but it occasionally 
happens that the number is augmented by the addition of a 
cervical or a lumbar rib, to which reference has already been 
made in describing the vertebne of those regions. The 
number may also be diminished to eleven : I have lately 
aeen an instance in which this diminution was accompanied 
irith the absence of a doraal vertebra. The seven superior divided 
pairs, which are luiited by means of oartila^nous prolonga- f^l"* 
Kona to the sternum, are called lUmal or trxit riha ; the 
remaining five, which are not prolonged to the stemnm, 
being denominated attcmal or false ribs. 

The ribs, as they reach forwards, have not a uniformly thrtrdli 
arched direction ; for the greater number coiuist of seg- 
ments of two circles with different diameteis, the anterior 
circle being much the loiter. Thus the rib, directed at first 
backwards from its connection with the bodies of the vet- 
iebne, reaches and is supported by the transverse process ; 
after leaving the extremity of this process, it turns abruptly 
outwards, and finally is directed forwards towards the middle 

These bones present each two surfaces, two bonlers, and Piru o/ 
I two extremities. * 

The body of the rib, except that of the first, is as it were Body >ii 
I twisted on itself, so that, when it is placed on a plane 



"As if thpj 



vera ruiToJcj of time principal org 
rt and Inng*."— Monro, "The 
231; EdiHb. 1726. 
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THE SCAPULA— ITS OSSIFICATION, ^" 

lies the latissimuB dorai muacle. At tlie convergenoa of 
tha superior aud infe;^or bordots is the anltriar or outer 
augle, which jireseuts a narrow coaitricted port," denomi- 
nated the neck, with a HhiJlow surfuce for the shoulder- 

The neck {oervix scapulBe) Beparatea the glenoid fossa and 
the coracoid process from the rest of the bone, and termi- 
nates above at the notch of the 8capul&. 

The Hrticolar surface of the bone, which is called the yUnoid 
cavity (yXijni, a superficial cavity ; kSoc), is surrounded by a 
slightly raised riin which gives attachment to the cajsule of 
the shoulder-joint. It ia a shallow, oral depression, 
broader below thou above, and covered with cortilo^ in the 
fresh state ; its longetit dinmoter is the vertical, and its 
direction outwards nnd forwards. In this last respect, hoir- 
ever, it varies considerably ; for during the more extended 
motions of the humerus, the scapula is made to turn, as it 
were, on a pivot driven through the centra of its doraiun, 
by which means the glenoid cavity is kept constantly in 
apposition with the head of the humerus, and this coaptft- 
tion is the chief security against its diidociktton. At its 
upper part is an impreesiun corresponding to the attachment 
of the tendon of the bice^a musde. 

, The scapula urticiiUites by the glenoid cavity with tha 
humerus, and by the acromion process with the clavicle. 

j_ The scapula has sevei'al centres of omJieatUm, and the 
greater part of the bone, as in most other cases, is formed 
from one of them. This nucleus appears at the time that 
osseous matter is fiivt deposited in the vertebrie ; and from 

'■ it the ossification spreads in different directions, — to the 

, spine and the glenoid cavity — -iu short through all the bone, 

'■ except the coracoid process, tha acromion, the lower angle, 
and the base, eaoh of which is a distinct formation, 
At birth the parts last named are cartilaginous. 
All osseous granule appears in the middle of the coracoid 
process (fig. 48, a'), usually in the course of the first year 
afterbirth, imd this [tart, being largely osxified, has joined, or 
is about to join the rest of the scapul.^ when the remaining 
pieces begin to form. 

The additional centres of ossification succeed each other 

\ rapidly, between the fifteenth and seventeenth years, 
generally showing themselves in the following order : — 1. in 
the acromion near the base ; — and in the upper part of Uw 
coracoid proceaa ; 3. iu the lower angle ; 3. again i 




THE BCAPDLA— ITS OSSIFICATION. 

acroinion ; 4. in thu base. TLe several pieces conHtrnctod 
from tliese nuclni may be re(jarded nv, epiphyses. Each, of 
them ruc^uiros nome roiuark. 




The base of the ocronuon is im oitonaion tlirough tha 
npine from the primary centre of «<i«ificntion, and the extent 
to which the OBsification hom this source renches 
different coses {fig. 48). The remainder of the pri 
produced from two or more irregular nuclei (i;"), which unite 
the one to the other, and form a tangle piece to bo subse- 
quently joined to the spine, or rather to the projection from 
this (6g. 48, D). 

On tho convex part of the coracoid pi-ocees where it tnms 
forward, a thin scale (an epiphysis) forms after the process 

* The lespula ii hers mprtsealei at Tsrioiui periods of its growth. 
I The figure njitrkoil *. BhowsthBotiidition ofthe bone at abonttheendof 
the Ent or the beginniag of tbe secood jear of Rge ; codfiaitJoii hic largely 
uteadeil from tha primu7 centra, and a nneleiis hag appeared in tfau 
coracoid ploeeu. b. Ftddi a boy aged abont Sfteea or diteen Tears ; 
the eoracoid pTiMess is partly joined at ite ba»e, and nnclei bave appeared 
intheacrumiim and iatbsloweraDgle. o. showsthecondition ofthebone 
at BeTenteen or eighteen jman of age. A ecrond point fau formed in the 
acromion, and iheouifiaition oftbobawie advanced, n. Tbeicapnlaof 
a man abont twenty-two yean of Age. The epiphysea of the acromion 
and the bate are still separabU. A thin epipbyeis, which eii«te on tbe 
ooraooid pniceea of tbe preparation ropreDented in the sketch, has boon 

' ' n.B, One of tiine figures (?) is to be regained 

■ ' " ' a pn;[ianition 




EplnbTsI 



accidrnlallj oi 



showing this stagD of tbe growth of the boue. 



THE CLAVICLK. ^^| 

has been joined ou to the genoriil most of the scapula, t 
hfivo observed tbis epiphysis to he in genetal broad at the 
upper part, and to taper downwards Lo the notch in the 
upper margin of tho ncapula. 

The lower angle and the coutigwouB part of the base aro 
produced from one centre {b, c, d,'). The remainder of tlie 
baae is also to be considered a, diatiuct growth ; but from 
the appearance of coropleteneaa presented in some scapula) 
of young bodies, I think it not nnlibely that a portion of 
it is occasionally formed by extenuon firom the general ossi- 
fication of the bone. The point, however, requites furtlier 

1. Tho epiphyses ore joined to the bona between the ages of 
twenty-two and twonty-five years. 



Tholwdr; 



The clavicle {cUfcia* a key), or, as it is popularly called, 
the collar-bone, is extended, transversely, between the acro- 
mion process of the scapula and the Mumnit of the sternum, 
which it serves to connect ; its direction, however, is not 
exactly horiKontal, the acromial end being slightly elevated. 
lliis bone is curved somewhat lihe an italic /, the d^ree of 
the curvatm^ being Ichb in the yoiuig and in females, than 
in mole adults ; it is ratlier thick and somoivhat triangular 
towards its sternal end, but brood and flat towards the scapu- 
o lar extremity ; it presents for examination a body and two 
extremities. 

The superior surface of the body is principally subcutane- 
ous. The inferior suifooo presents, uear the eternal aod 
acromial ends, inequalities for the attachment of ligaments ; 
and along tho centre is a longitudinal depression, giving 
attacUmeat to tho subclavius muBtle, with a foramen for 



* VariooB reiisoni hsTc been ossignei! fur tho nunc bj which this 
bnce IB distinguiBhed. It 18 (uiid to hive been [alum from the Uktnesi 
to Hi pecnlior form of key. B; most vriten the name ii oonaiderad to 
bsTB been derjioj from usee attributed to tho bone : anch u that, kej- 
like, it doses tbo ehett ; or tbal, iib "aiUy," it coonectathe (capala 
t« tlM trank. TbOB, Uiolanu»~vho is cit«d becaneo of his chuaclef 
for extcCBive omdition — tays jCommciit. ie DsBibiu, cap. 21), " C!a<uj 
idne clauicnla dicitar qned Tboraccm cUvdat . . . Nam ex AriHotele 
Claaia, ds daniiiinB thontuem el iiisttumcntum qno aliquid olanditur 
■ignifint. . , . Vol quia claaia niodu Grmet et Btabilint eum ileriio 
omoptatam. In orclutt.'eiura clauca appDllantnr ligna allia fimitu- 



THB CLAVICLE— ITS PEODLUEITIRS. 

1 antranoe of the nutritive vesaeU ; this surface corre- 
qiouds intomally to tLu first rib, externally to the uorouoid 
process and the shoulder-joint, and in the middle to the 
iixiUaij vesxels and the tiiachial plexus of nerves. The tuite- 
~ r border ia broad and convex tonarda the stuninl, thin and 

leave towards the BcapuUr extremity ; the poiterior border 
I preBouts, of couree, the opposite arraugement of curvatures. 

The iiUertuil or tttriuU extremity ia inclined downwards ei 
and forwards : it is considerably thicker than the other parts ^ 
of the bone, and terminates iu a triangular unequal surface, so 
which is rather convex from above downwards, and concave 
from behind forwards ; this is tipped with cartilage, and 
articulates with the Btemum, the articular surface of which 
it much exceeds in size. Its entire circumference gives 
attachment to ligaments. The exltrnal or scapular extremity, 
comprtsxed and flatteued, inolinos a little backwardn and 
upwards, and articulates nith the acromion by a narrow 
oblong surface which is covered with cartilage. 

AriieidutioHS.^The clavicle articulates with the sternum \ 
and the acromion process of the scapula. ^" 

PeeiitiaTitics in the aa^cs and inilividiialB, — The clavicle Vi 
of the female is morn slender and less curved than that of ^ 
the male. But occii£io:ially insUuces occur which do not '^ 
conform to this general statement — which ore oven directly 
opposed to it. These exceptional coses are iii a great mea- 
!, if not altogeLher, referrible to drcumstaucos which will 
be noticed in the following paragraph. The bone is also less 
bent in young persons than in adults. 

The curves of the bone are greatest in persons employed ci 
n laborious occupations, and its ends become enlarged nnder ^ 
the influeuoe of the some circumstances. It has likewise 
been found that, from the some cause, a difference may exist 
between the clavicles of the same person — insomuch tbst 
M. Cruveilhier states, thst he was enabled to predicate 
oorreotly that 



was luft-handed, founding 
his judgment solely on the 
relative size of the stemol 
ends of the clavioleB. 

Ostifieatioii. — "Oie davicle 
begins to ossify before any 

■ bone. It is fc)rmod from 

■■ TLa cLkTicle of ■ fa-tus. J. 1 



Fig. 49.- 
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THE HUMBEDS. ^M 

it bw a thin opiphjaU at its innsr or Htemal oiid. Thv 
e^gby^ begins to form between the eigliteeiith luid twestietb 
year ; and it tmitea to the rest of the bone a fow years &fter. 

THE KOMeBca. 

Tlio hiimeruB or ann-bone (fig. CO j oa humeii), the largest 

bone of the upper limb, eitenila from the BoapiUa to the 

bones of the fore-arm, with each of which it is artittalnted. 

Its direction is vertical, with an inclination inwards towikrdF 

the lower end. Long and irrogularly cyltndri- 

Pig. 50,* cal in form, the hnmenia a diviaiblo into a 

body and two oxtremitieB. 

The bodi/ or shaft of the bone,' thick and 
rounded superiorly, is somewhat expanded 
lV/ and triangular inferiorly. Along the front is 

a central prominence. On each side of the bone 
is a alight lino, which is bolter seen below ; 
these linca divide it into two nearly equal 
surfaces, anterior and posterior, and may be 
oonsidored aa rixing from the external and 
the internal condyles respectively, near to 
which they are well marked, but gradually 
subside as they proceed upwards on the body 
of the bone ; they nfford attachment to the 
inter-muscular aponeuroses. The external one 
is interrupted about the middle, by an oblique 
depression, or groove,' which runs from above 
downwards, and marks the course of the 
musculo-spiral nerve and superior profunda 
artery. The poatcTior surfiwe is round mipe- 
riorly, and inclined a little inwards ; inferiorly 
it is broud, flat, and tumed rather outwards ; it is covered 



kli 



tbsDit 

* Tfaa hDmirDB of tlie right side k<ii trora before. 1. Tlie shaft. 
3, 3. The KXlenml wid internal coti<l;loid ridgea. 4. Opposite part of 
a nhslloir groiTe which iwrreii|»Dds to the oonrae of the ratiBCulo-sinral 
nerve and the superior prafuniLk artery. 6. The tndpital grgove. 0. 
Its aDlerior margia- 7. It* poiUrior margiD. 8. Ponuneo for oo- 
tritiaus artery. S. Deltoid impresiiun. 10. Tbe bead. 11. The 
Deck. 12. The great tnberositf. 13. The small one. l-t. The inner 
coodyle. la. The oulai condyle. i.6. Ituunded articnlar anrhoe 
(upilcllum) for the nulins. 17. I&oelilea. IS, Fossa for tbe ce 






THE HUMERUS. 

ui its entire extent by the triceps eztensor muscle, and 
towards tta middle may be obatjrved a. snudl foramen for 
antritive vessels. The anterior Burface U divided snpo- ■"> 
riorljr into two unequal portions by a longitudinal groove,' 
directed obliquely downwards and inwards, for about 
one-fourth of the length of the bone, which lodges the 
long tendon of the biceps muscle, and is therefore named 
the Ineipitat groove ; its anterior margin ' gives attiich- Bi 
ment to the pectoralis major ; the posterior/ to the teres ^ 
major muEole. The portion of the anterior tnu&ce which 
is internal to this groove is smooth in the greater port of 
its extent, and presents, towards its middle, a roughness 
for the insertion of the coraco-brachialis, asd lower down on 
oblique vHHciUar ror(imen ; ' extenuiJ to the gi'oove, and a J' 
little above the middle of the bonu, may be observed a rough di 
triaugidarly-shuped eminence, ' for the insertion of the deltoid ^ 
muscle, below which nms the oblique depression already lo 
A as corresponding to the oouise of the musculo-spiral 
and the accompanying vessels. 
The superiuT rxtntnity of the bono presents a large hemi- "^^ 
spherical eminence, '" covered with cartilage in the fresh state, 
and directed baokwarda and inwards to the glenoid cavity 
of tbe scapula, with which it articulates ; this is colled the 
hrad of the humenu. It is bounded by a slight groove, which TI 
is EulHciently marked on the upper, but not on the under 
aspect, which marks the iicck of the bone.* Ihe axis of thie ^ 
piut does not coincide with that of the rest of] the bone : — Tl 
supposing the humerus in its natural poeition, with respect ^ 
to the scapula, if the axis of its shaft be vertical, that of the Hi 
head and neck of the bone is directed backwards and up- bf 
wards. A httle below, and to the outside of the head, " 
are two eminences, which project from the ends of the shaft 
of the bone, and &om thuir relative size, are named the 
greater and smaller tuberosities (tubercula). The greaUr '^ 
luhtrosity " is extenud aud posterior in ita situation, convex tt 
in its outline, and marked on its upper border by three flat " 
■mfaues for tlie insertion of the external rotator muscles. 
^e amaUcr ttihtrority, '^ rounded and more prominent tliau 
the other, gives attachraeut to the subsoapukria muscle. 
They are separated by the bidpital groove. 



• This U called aometiino* the "anatomiral nock." Tlic term 
*' nirgicsl neck " is ipiilied to Uie lomewlml conBtrii:li.-U lorl of Ihi 
Innierqa below Loth Uie tuberuHties uid the head . 



lis THE HUMERUS. ^^H 

Tiieionot The lower exiremUy. — Towards its lower third tho bone 

tndiibroJuL ^ijgnj^ aDj appears compraaKed and somewhat twisted from 

helund forward, so tltat its longest diamater is traaaverse. 

Innercon- It presents jntemaUy a considerable projection," tie Miner 

Si^i''"' condyle, which is indined backwards, and gives attachment 

to the internal lateral ligament of the elbow-joint, also to a 

tendon common to the greater number of the anterior 

muscles of the fore-arm. Extonially is situate another 

Ex«rT.n\ smaller process," the external cofuiyk, to which are attached 

ruudjie. jjjij yxtemal lateral ligament and a tendon common to 

uitsclea at the posterior and external surfaces of the fore- 

Artioulnr arm. Between the condyles is placed the inferior articnlar 

surface, which is inclined somewhat forwards. Proceeding 

itMBKoti- in the enumeration of the parts which enter into its compo> 

'" "' sition from the radial to the ulnar side, there is first a 

Cu|at«UuTn. rounded eminence, the amall head, capitdbim," placed rather 

on the anterior surface of the hone, and articulating with a 

cavity ohserrahle on the superior entremity of the radius, 

Neit, a slight groove or deprewion, corresponding with the 

inner margin of this eminence, is met with. And lastly n 

rwhlt*. pulley-shaped auiface" named trochUa, whose internal lip is 

most prominent, and descends much lower than the external ; 

this detei-minoE an obliquity in the direction of the hnmoms, 

when the lower extremity of the bone is made to rest on a 

flat surface. In the groove of the trochlea the sigmoid 

cavity of the ulna mores in Sexion and extension. At the 

fore part of the inferior extremity of tho hone, immediately 

Foiw fiiT above the trochlea, is a superficial depression,'" whidi 

the torn" ""^ receives the coronoid process of the ulna diuring flexion ; 

'"'I' and mora externally is a second smaller pit above the 

capitellum. Posteriorly is a more considerable medinn 

fossa, which lodges the olecranon during the extension of 

the fore-arm. 

A modification of the nomenclature appUed to these 
I different eminences has been proposed by Chaussier : re- 
taining tho term trochlea for the surface of articulation with 
the ulna, he calls that which articulates with the radius, the 
condyle ; and for the two lateral enanences of insertion, now 
namod condyles, he substitutes the terms epi-trochlta and 
epi-eondyle. 

Artkulaliomi. — Tho humerus articulates with the glenoid 
cavity of the scapula, and with the ulna and radius. 
I. Ou^fication. — The humerus begins to osaiiy soon after the 
clavicle, imd some time before the vertebra, From a sroaQ 



THE HUMEaUS-rrS 0S3IPICATI0H. 



cyUnilrioal piece, appenring at the middle, the formatioa of 
bone eztendB towards Uic extromities, involTuig the entire 




At the end of fcetal life fke shaft of the humerus in oaaiBed Tbs ihift. 
uearlj in its whole length, and its end^ urc altogether carti- 
laginous (fig. 61, a). 

There is a trace of bony deposit in the head of the bone [ipporenii; 
towards the cloiie of the first year lifter birth, and in the 
course of the geoond year n distinet nucicua has formed in 
thia part (b°}. Sctweon the second and third yean* a sepa- 
rate centre in developed for the tuberosities (c^. (B&lard difloraiiM o 
mentions two — one for each tuberosity,— that for the *"™""''- 
smaller being very small and appearing after the fourth 

• Several stuges in the oaaification of the hameniB are ■hown in 
these Rgnre!!. That msrfccd a. in the Tepresentition ot the bone of a 
ruU-itrowti (betnK. it, Thcconililion oftheboneat about twojvara orsge. 
c. The bnne in the third jear. D. At the beginning of tha fifth TCBf. 
E. The state or the bone about thgtiritlflh 7ear. F. This bone is from 
a person abont the ageofvaberty. — 1. The primary piece. 2. Nnoleni 
for the head. S. TlAt for the tnberomties. i. For the outer part of 
the loB'er artiiriitating BOrrsre. G. Poi the inner condyle. 6. The 
inner part of (he lower articulating surfecc. T, The eiternal wndjie. 

N.B. The Bepatated centres of the upper ertremitj otlbeboncin 
figure 0. have not been drawn from n preparation. 

Some of the bones aie represented in t«D pacts, in order to malte up 
e degree for the alsenoe of the pnjper praportioa in their 



THE RADIUa ^J 

yetiT,) The osseous uuclei of the head and tuberositieB 
increase, joiu, and form a large epiphysis beft>ni the fifth 
year (fig. 51, d). 

The growth of the lower end of the boue is more compli- 
cated. It begins after the eipirBitio& of the second year, in 
the outer part of the articular surface — the small head (c '). 
and from thin point the ossification estenJa iuwards and 
forms much the larger port of the orticulatiuig end of the 

Before the fifth year an ossific point is deposited in the 
internal condyle (d*).* At about twelve yeaw of age one is 
apparent in the inner part of the articulating sur&ue ; &tid 
at thirteen or fourteen years the ossification of the external 
condyle is begun by a distinct centre (e, r," '). 

Soon after the laat-meutioned x>eriod, at about sixteen or 
seventeen years, the external condyle and the two parts of 
the articulating surface (being previously joined) unite with 
the shaft of the bone. The junction of the internal condyle 
follows at about the eighteenth year, 
,( And thus aU the parts of the lower end of the bone have 
united with the shaft, while tlie epiphysis of the upper end, 
whose formation began first, is still separate. Lastly, thhi 
too is no longer separable, and the bone is complete 
the twentieth year. 



1 



The radius (fig. S3,') shorter than the ulna by the length of 

the olecranon process, is pieced at the external side of the 

forearm, extending from the himierus to the carpus. It is 

broader below than above, slightly curved in its form, and 

divided into a body and two extremities. 

Thsshsa As the body, or shaft, is somewhat triangular, it has three 

^I^J^U^' BurfaoBs, bounded by three margins, or ridges. The aiif*rit>r 

Buri»™. juj/ace' expands towards the lower part, and is marked by a 

lon^tudinal groove for the flexor pollieis longus ', superiorly 

* Ai the date mentioned for the appeannce of this ceatro of oiu- 
Ecatioa it math earlier tbui that nsugan) bj vrittus who treat of this 
department of oiiatiiiD}', it may be weU tu state, Uuit iu une prelBM- 
tioD in lay DuUection, wliicb wu taken frum a boy ucetbuoed to have 
been a, little over six jeara of ige at the time of Lis death, the U6^flc»- 
tioa of the inner condyle is veil advanced ; — and that in aaother — the 
armef afsmalecliild vhich I amputated in cnusequenee of an aecident 
un the day after it Lad attained thefiftL year — a small osseous granuls 
is disliiiotl; foimed in the tame part. 



TUE RADICS. 

BJtUftte the fommfn,' for the nutritive vessola, its p 
ii- direction being from below upvrardK ; nod inferiorl^ » flat " 
flnr&ice,' corresponding n^th the pronator 
quodratus. The puaferior aiir/acc, convex in Rh. 52.* p 
" e greater part of its extent, is grooved at " 

1 central thirO, for the origin of thu ex- 
f tensora of the thumb ; the Ejienial mirjM', 
\ roimdod and convex, is m&rked towards its 
I middle by a rough impresaion,' which gives 
insertion to the pronator radii teres. Of the 
iryitis BepMnting these Buriaoes, the pos- 
terior is di^tiuct only at the middle pu^ ; 
e external is rounded, and bcoomeo xmouth 
tcworda the lower extremity ; whilst the in- 
tenuil is acute and sharp for the sttaahment 
ioter-asEeouB ligament. The body 
is terminated superiorly by a rough pro- 
minence' (tuber radii), termed this bicipital 
tnbeninhj, from its giving insertion to the 
biceps muscle. 



. iieek ; this is again surmounted by the 
head,' which articuluteg by its extremity with the roundud 
convex part of the lower extremity of the humerus, — the 
small head (condyle, Chaus.), while its margin rolls on 
the Icsaer sigmoid cavity of the nian. The margin of the 
head is smooth and convex; and the upper surface, also Iti 
smooth, presents a shallow cup-like cavity ; both luo covored JJ 
with curtilage in the recent state. 

The radius at its lower part becomes broad and tldck. n 
The anterior surface is flat and expanded, being covered by *' 
the pronator quadratus muscle ; and it is bounded below by 
a prominent line," which gives attadmiBnt to the anterior 
ligament of the wrist-joint. The posterior surface is convex, 
' and marhed by longitudinal grooves, which transmit the a 

* Tlie radins auc] tie ulna nf the right aide liowed in &ont. 1, is *" 
n the middle of the mdius — itx anterior euriace. 2. pointa to the 
tnedallur; furameD. 3. A flatsurlacoiieaTtlieloncreiid. 4. A rough 
iroprcuioD for the pronator teres miuclo. G. The bicipital tnberoidt;. 
T. The head. 8. The Jowcr margia. 9. The stfloid procesti. 10. 
ArtiCDiating sartsce for the ulna. The remaining uimibeiB aiv affixed 
to the ulna. II. The auteriur aarfuee. 12. The medullar; fgnmen. 
13. The nlecnnoa. II. Tlie eoranoid proceis. IG. TfaB lai^e aiginoid 
DDlch. 16. The huid. 17. The Bl;loid prnceBB. 



oitroinlty. 
Nock. 



CAKPAL BONES-SECOND HOW. 

ou the ulnar side, with the cuneiform ;, on the rndiol side. 
with thu scaphoid ; anteriorly and posteriorly it gives 
attachment to ligaments. It articulates with five bones. 



This ia the " wedge-ahaped " boni^i' sometimes also it 
is named from its form "pyramidal," as well as " o» 
tiiquetnun." 

Superiorly, it ia in relation with the intor-ajiicular fibon- 
cartil^o of the wrist-joint ; inferiorly, it artieulatea with 
the unciform bone ; on the ulnar side, gives attachment to 
ligament* ; ou tbu radial side, articulatee with the Hemi- 
lunar bone ; anteriorly it affords attachment to ligaments, 
.ind presunts a email articular surface for the pisiform bone. 
It articulates with three bones. 



PiiifoRD ; The " pea-shaped " bone' is placed on a piano anterior t<i 

iTbjDuiD^a. the other bones of tbc carpus. The form is indicated by 

its name (ptsum, a pea), and to it is due another deaign&tiou 

Connec- — Qg subrotmidum. It presents but one articular surface. 

which is aitmite on the posterior part, or basu, and resta on 

the anterior surface of the cuneiform bone. 

AdjiptatiuD The first three carpal bonea form, when in appMition, an 

nkngctaiiig i^rdh, wboiwt superior convex and rounded articular soiiace 

toow""' ™"«''po'"l8 with the concavity presented above by the 

um. radius aud the inter-aiticular fibro-cartilage. The greater 

part of its inferior surface oonstitutes a deep hollow, whid 

receives the head of the os magnum and a small part of 

the unciform bone ; but on the outer side a [>art of this 

range (the lower convex surface of the scaphoid) is received 

into a slight depression of the necond row, formed by the 

trapezium and trapezoid. (See &g. D6.) 



BONES OF THE SECOND EOW. 



The name of this bone' ia taken from its presenting four i 
Uiie4ua] edges at its posterior aspect, and it has also been 
known as the " os multangulum miyna." It is placed at 
the radial border of the carpua, between the t 




CAEPAL BONES— SECOND ROW. 

bone of the thumb and the scaphoid bone. It is known 
bj the angular appearance of its dorsal surface, and by the b 
groove on its paliuar aapect. ^ 

Superiorly ooncaye, it ftrtioulutes with the scaphoid bone ; 
inferioriy, convex from behind forward, and concave trans- 
versely, with the first motacajpal bone ; on the ulnar aide, 
with the trapezoid bone, and, by a amall Kurfuce situate 
more inferioriy, with the edge of the second metacarpal 
bona ; on the radial and posterior Mpects it gives attachment 
to ligaments ; nntoriorly it presents a groove' traTereed by Oroovsiuiil 
the tendon of the flexor carpi radialiB, and a ridge to "^^'^■ 
which the annular ligament of the corpus ia attached. It 
articulates with four bones. 



This is a small bone' compared with those IwWeeii vUch it 
[ H is placed, viz. the trapezium, scaphoid, and os magnum ; He 
I in form and poution it has aomo resemblance to a wedge,, 
ml but Uttle to a trapezium, except that its posterior 
I mrfaoe is bounded by four uuequal edges. In contra- 
I distinction to the preceding bone, this has received the name Ni 
''oa multangulnm minus." 

It aLrticalat«8 superiorly with the scaphoid bone ; inferioriy, o 
r "With the second metacarpal bone ; on the ulniii side, with 
t ihe OS magnum ; on the radial side, with the trapezium ; 
I (he anterior and posterior surfaces afford attachment to 
I ligaments. It articulates irith four bonoa. 



This'' is the largest of the carpal boaea ; its form ia OiUasnim 
iblong, round superiorly, cubic inferioriy. Tha upper part, 
mod its " head," (whence it is sometimes called os Bssd nud. 
ipitatum) is supported by a narrowed portion, called' the 
"neck ;" and, conves in form, is received into a cavity Keck;; 
med by the scaphoid and the semi'limar bone. The 
^bone articulates, inferioriy, by three distinct mirfaoes, ofcon,,^;^ I 
^hich the middle is the largest, with the second, third, and *■"' "f^ 1 
metacarpal bones ; on the ulnar side, with the SJ^*""' 
indform bone ; on the radial side, with the trapezoid bone, 
Bte (Ulterior and posterior surfaces are rough (particnlarly 
e former) for the attachment of ligaments. It articulates 
It bones. 



THB METiCAEPAL BOKBa 



TUe hook-tiliaped bone' (iuicub, a hook) u reij rvtdiljri 
distinguished from the rest by the curved proceas'" apon 
its imlmar surface. It articulatoB, superiorly, with the 
Mtmi-luDar bono ; inferiorly, by two distinct aurfaccB, with 
the fourth and fifth mBtacorpal bones ; on the ulnar aide, 
^ith the ciuieifonn boue ; on the radial side, with the ob 
magnum : anteriorly its hooked process affords attochmeat ' 
to the anterior annular ligament of the carpus ; posterioriy 
a rough surface also gives attachment to ligaments. ^ 
articulates with five bones. i 



THE UETACAKFDS. 

This fonns the second or middle portion of the fauid, 
buing situate between the carpua and the phalangea ; it u 
cuQipoEed of five bonus, wliii^ 
Pig, S6.' ^s named first, second, ice. m 

their numerical order, the eaa- 
meration being commenced at 
the radial side. These bones are 
placed parnllol one with another, 
and nearly on the same plane ; 
with the exception of the firat, 
which is more anterior than the 
rest, and alters its relative posi- 
tion to thum in its various iiiov9- 

Tliey are all slightly concavD' 
oa the palmw surface, convex 
on the dorsal ; ore larger ht 
their extremities than at the 
body or middle part ; and an 
terminated at the carpal ex- 
tremity by an unequal eminence, 

and at the digital by a rounded head. 

The hiiijicj of these band-boues are triangular in Btupe 

each prosonting three surfaces, and as many borders. Of 

* The boDca of the hand — carpus, melai^arpai^ nud pholangea — seen ' 
on the polm&r lui&ce. Par eiplanatioD of the nomeraU an the caipal 
b^DM, BMnote, p. 127. 





THE METACAHPUS. 

tlie Buifaoea, tvo are placed laterally, tlie third looks back- 
varda ; one of the Angles is in front, tlie otliGrs ore at each 
Bide of the doTBitl surface. From this position of the f>ur- 
fkces, it results that the bonea become narrow toworilH the 
palmar aspect of the hand, and that the spncea between them inior-™ 
(infcr-oMeoiHi) increase from behind forward. """ "p*" 

The body of the first metacarpal is less trintigulor than that Diiicniu*la.l 
of some of the others ; it ia more compressed from before ^^—i 
backwards, and resembles one of the phalanges in shape. 
There ore some slight peculiarities of the dorsal surface in sipealally n 
the several metacarpal bones. This ia convex and moDoth in '^''"'™- 
the first, and presents in the second, third, and fourth, a 
longitudiuol line, which, bifurcating, forms the sides of a 
triangular surface, extending over the lower two thirds of the 
length of the bone ; in the fifth is observed a prominent 
longitudinal line, directed obliquely from the nlnar to the 
radial side. 

The metacarpal bones vary in size. The first ia thicker pUfcruiM" , 
and shorter than the others. The second and third do not bonea. 
differ strikingly from each other in dimensions, and they 
are longer than the rest The foiuth exceeds the fifth iu size. 

The carpal rairemifj/ (bow) presents, in each, some pecu- Bumbutc 
liarities which render a separate description necessary. — By istic, 
referring to the differences in their carpal extremities, the 
bonea may be distinguished one from another, and the more 
readily if their relative size bo at the same time token iato 
account. On the superior extremity of the first is observed Due of G 
a surface, concave in the antero-posterior direction, and 
convex from side to side, which articulates with the 
trapezium ; this bono has no lateral articulating surface. — 
In the second, an angular depression receives the trapeKoid ufHKond 
md, on the radial side, a small surface articulates 
Llrith the trapezium ; on the ulnar aide, the nukrgin is 
M^orteuded obliquely upwards, so as to liacome wedged in 
Hfbetween the trapezoid and the third metacarpal bone, and 
Taittculatoa by its tip with the oa magnum. — In the third, oluord; 
I ilie end of the bone, which articulates with the oa magnum, 
I ia prolonged behind into a point at the radial margin ; on the 
I'TMlial and ulnar sides are surfaces for articulation with the 
tooutigiions metacarpal bones. — Two articular surfaces of the offuurtb 
b join with the oa magnum and unciform ; the radial 
le baa two surfaces, and the ulnar side one, for articulation 
SVitb the corresponding surfaces of the bone on each side. — 
~i the fifth, a concave surface, directed outwards, cortc- of fifiii. 



B0NE3 OP THi! FINGERS. 

aponds with the unciform bone ; on the mdiat side 
surffico for the fourth metacorpiLl bans, and on the opposite 
aide there is a promiacnce without an artiouhir Eurface. ' 

The digiUA i-^'emilUs (Jimds) of all are conTex, and 
articulated with the phulanges, the smooth surfaoes extending] 
farther on the palmar than ou the doranl aspect of tha' 
bouee ; on the aides are inequalitiea for the attachment of^ 
ligaments. 

Boiraa OF THE FmsERa 

llieae ore fourteen in number ; each digit, with the excep-^ 
tion of the thumb, having three separate pieces (phalangu,' 
inttiiiodia). Of these, the first is longer than the seeoiid^ 
and the second than the tiiird. Lilce other long bones, OMib!' 
is divided into a body and two extremities, of whicli ooflj 
represents the base and the other the head. Winslov amti 
some other anatomists reckon three phalanges La the thnmh,' 
'* as they conceive that its posterior, or most moveable bone, 
resembles the first phalanges of tha other fingers, rather thao^ 
the metacai-pal bones. But if the bone of the thumb next tlw 
carpus be examined with attention, more especially its uit»-^ 
rior extremity, and also its moilo of articulation with the' 
bone in front, it will appear to bear a more striking ccnTe-' 
spondence with the metni^arpal range than with the first digit*! ' 
phalanges, and such is considered to be the case by Meckel, 
Portal, H. Cloquet, and J. Cloquet. 

The bodiet of Hm plu^nges of flu firsl row are convex on th*" 
dorsal surface, and flat &om aide to side' on the palmar, bnb' 
arched trata below upwards ; the palmar surfikce is bounded ' 
by two margins which give insertion to the fibrous sbeatli 
of the flexor tendons. 

The Ifu^r or superior cxlremititt prenent eath an ovtl* 
"" concave surfaoe, with its greatest diameter from aide to '. 
side, which reoeives the convex head of the corre^wndiagi 
metacarpal bone. The iiifrriiir exlrrtnitia, smaller than tie- 
others, end each in two small litteral condyles, with a ali^iti 
groove between them, — both condyles and groove being' 
adapted to the base of the contiguous bone, so as to form a ' 
ginglymoid, or hinge joint. The articular surface is pro- 
longed farther on the palmar than on the doisai aspect, , 
which allows a more free range to the motion of fieiion. Thv ' 
mai^gins of the articular surfoces are vough and jirominent fori 
the attachment of bgainonts. 

The tKond or mi(J<Ue nnc conatatB only of four bonea, ii 



OSaiFICATIOK OP THE CARPAL D0HE3, 



^Rnncli as tlie two pieces wluch constitute the tliumlj cor- 
respond with tUo first iind liiat pbalangys raspBctively of tUo 
other fingers. Smaller than those of tht» precediug sot, tUej 
Rtili ruBcuible them in their goiieiik] outline. The broader, 
or Niperior extremity, ends in on articular Hiuface, divided Buporior 
by a. alight ridj^e extefidiug from before backwards ; the gtjriuce"^ 
lateral ports being concave, for the reception of the two 
eminences ou the contiguous bone. The inferior extremity infcrLur. 
is divided into two lateral convex surfaces, which are lodged 
in depressions in the base of the last phalaux. 

The lliird raw (phalanges unguium) consists of &ve pieces, t\,o u,;rd 
that of the thumb being the lai^est. They are convex on ""' ' 
the dorsal, and Hat on the palmar surface ; rough at the funn ; 
summit, which corresi>onds with the point of the finger, 
and at (be base, for the attachment of ligaments nnd 
tendons. The artioitlnr Bilrfooe at the base resembles tbat buu 

^of the base of the second phalanx, in having two shallow 
Boncavities separated by a central line, 
OHSIFICATIO:; OF THB CABP.tL BOSBS. 

The carpus is altogether cartilaginous at the general period coaditlnn 
"of birth (fig. 57, *y la the course of the first year after, "„''^' 






,. Tlie state of the viriotu part* of the hftnd in n fall-grown 
is shown ID thli figure. There ii no oueon* paint in the earpna, 
but tbe muUciTpM bones sod the phalange* are ouified to ■ Coluider- 
abU Extent. B. This figore repraamts the state of the bona about 



OSSIFICATION OF THE CARPAL BONES. 

ossification begins in the oa inagiium, and follawfi spwdilf 
in the oucifonn bona (b, ' '). 

The pjnimidal or cuneiform is the next to receive U 
osseouB deposit, sad this occure in the third year (c"). 

In the fifth year nuclei are formed in the trapezium and 
semi'ltiDitr ; and ae, at the end of that year, the niicleilB in 
the former bone is the larger, it is to be inferred that it pr» 
ceded the other in ita growth (»."). 



Fig. 67 (eoTUwvtdJ. 




At about nix years of ngc the scaphoid, and, i 
eight, the tmpeaiid, begin to ossify. The granule for tl 
makes ita appearance near the lower end of the bone (e,"). \ 

tlie end of thu first jear urtcr liirth. c. sboirB their conditioD aboBt 
Uie third yew ; v. at tbe fifth jenr ; and i, abont the ninth. | 

I. Os mngnum. S. The unciform bone. 3. The pjnunidal g^ 
cnneifuriD. i. Semi-lunar, 6. Trftpuinm. 6. Scaphoid. 7. Tnpe^ 
loid. 8. Metacarpal bonci — the principal piece. S*. The ^phjM* 
of the mctsenrpal bones of the fingers. S'. The epiplijids of the metJf' 
OBTpnl Imne of the thumb. 9. The first range of phalanges ; S\ ittit', 
epiphjiea. 0'. Epiphjii* of the first bone of the thumb. 10. Tia^ 
secoDd rov of phalaneei. 10'. The cpiphyeie of the seeoitd hone of; 
the Ummb. 11. Tfaelantrow of the phidanges ; 11*. their epiphjiei. 

N.B. The carpal bunes are nuntbeied accurdtng to the order of thel^ 
appeanmce, except the trupeiium ant! semi-lanar, vhose numbcn hftva. 
been accidcutaUjtranspaBeii. — An apiieaiance of oaeifieation ought tft; 
have been ibovo in figure d. ^ ths epiphrwc of the second n 
pbolaDgeg. 



OSatFICATION OP METACARPUS AND PHALANGES. 

IabU^ , tlie piaiform conbuns an oBSOOua graoole about Uie ut tncii 
twelfth year. 

The carpal bones are fonned each from a siugle centre. Only oi 
It may be observed that, in examining their condition during ^JXl 
the first years of life, the rektive periods at which their oasi- 
fication begius, may, in a great degruo, be determined by 
the comparative extent to which the deposit of Ixina has 
encroached on the pre-existing curtilages. 



The other parts of the frame-work of the hand difier Metoiracpui. i 
widely from the carpus in the time at which their ossification 
Oommencee, inasmuch as the process is far advanced in them 
before the end of fietal life. Hach metacarpal bone is formed Two ee 
two parts, or from what may be considered a principal b^,^ 
and an epiphysis. Its ossification begins in the middle Eariy jnrlod 
ef the body shortly ofterthat of the houea of the fore-arm, 5^™^'^,. 
uid extends over the greater port of the boue, including 
'its upper eitremity (c, d.* b.) About the third year of age K(ripby>l»! 
J granule appears in the lower end, and the epiphysis |,^^^™ 
xesultiiig from its increase joinn the principal piece before appwsuH. 
mentioned towards the twentieth year {c. d.'^e.). Such ia the 
mode of construction of the metacarpal bones of the digits. 

thumb differs fr^m the rest in the position of the epi- Poculisrltr 
physis, which is formed on the upper or carpal, instead of nietwuiAl 
Vie lower eitremity ; whilst the lower end is produced by l""*- 
■n extension trom the principal piece of the bono (o. ii.^ e.), 
thus, in the manner of its growth, as well as in 
bs shape, the metacarpal boue of the thumb assimilates 
O the phidanges, 

asaincAiioN of tbe bohsh of thx ttnceiu). 

These bones are likewise formed troia two parts. The Euh i 
Wsification begins abont the same time as in the metacarpal ''■°°<= 
^^^ ; but it is stated by Meckel and others, that the 

primary nuclei do not appear in the bones of the second 
^^^ow for some time after they Lave been perceptible in those 
f the first and last. The osseous matter originating from 
•ch primary nucleus involves all the bono except its upper 
Ktremity. 

The additional piece or epiphyaia begins to ossify at the ^^J^i 
*i"' "r fourth year in the first row, and a year later in the P™"™- 
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BONEa OF THE LOWEE LIMB. 

it others;* and the bones &re complet«d by ttie jui 
io"' ^^^ parts before the twentieth year (c. D, B.). 

BONES OP THE LOWER LIMB. 

The lower limb is conneoted witb tbe hiemftl arub (p^Tic) . 
^' of the thirtieth tnmk segment oi' vertebra, aiid con^ets, like \ 
tnio- the upper limb, fig. 4, of throe chief parts, viz., thigh,, 
leg, and foot. In the bony framework of th^ archce and ^« , 
limbs, there ia ako n. very cloae reaomblance, for in the haunch, 
ffhich corresponds to the shoulder, is one lai^e compound 
bone, the innominate ; in tbe thigh ia tbe fem\ir ; in tba 1^ 
two bones, the tibia And the fibula ; and in the foot are 
many bones in the tardus, the metitarsiu, and tho phalangta, 

INNOMINATE BONE. (03 INKOMINATUM.— OS COXA.) 

The two bones which are distinguished by this appeJiaUoB ' 
are of ho complex and irregidar a form, fig. 58, as to bear noj 
perceptible resembiimoe to any other known object, and, 

imocL therefore reamiji "unnamed." They ate sitnate at tte' 
inferior and lateral parts of the trunk, and extend froai tlie! 
sacrum forwards to the median lino, whare they are conrj 

[kIvIc nected together, and form nn osseous loop, — the hasmal aich 
of the second sacral vertebra, to which the lower limbs Are 

Through the Baorum, wliiclt is wedged in between them, 
they receive the weight of tbe body from the vurt«litsl j 
column ; and they transmit it to the lower extremities. Thns 
placed, and being somewhat curved in their general outiine, ' 
they circumscribe the greater part of the cavity of tlie pelTUs 
tho aides and fore part of which they form. | 

* The periwlB usignod b; Bfcluril fur the appeuwace of oadfie 
granulci in the epiphyses of the phslanges are aa follows : — for tltoM ) 
of the Grat range, three or fonr jesri ; for the second or middli rang^ . 
sevea years ; and for tbe Isat or angnal. teur or five yenis. ' 

Some preparatioDS in mj collecUon demonstrate that the time { 
here Connected with the Bppt&iance of bona for the epiphyua of Um < 
second phahmgea cannot be genenllj correct. One cnse bearing <m { 
the p<unt may bo specially rcferrod to, because do doubt could ejdat ] 
COQCerning tbe age, or the previously healthy Btate of the Umh. I J 
amputated the arm of a delicate female child, «bo on tbe day befbre < 
the operation hod attuned the age of five years. Tbe rcmoi-al of lh« ' 
limb wu rendered n«eBBarj in consequence of an injnry. In the ham] , 
of lliLB child the epiphyses of the three sets of bones vf the fingura are 
adcanced in osailicaliun, and proportioaaUy to the sUe of the carUlagc^ < 
those of the nagnsl row appear the smallesi. ' 
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9BS INKOUINATE BONE. 

With tliP view of rendering more inteUi^blu the description N 
of tliis very irregular houD, reference may be made to the „ 
pieces (fig. 69, (.'), into P 

which it is found di- Pig. 53,* 

■rided in early life. 
At that period the ..- '^7, ' 

bone is couipoaed of 
three puts, which 
meet together in the 
articulnr cavity, anil 
to which the follow- 
ing uamea have been 
given : — the upper 
piece ' ia culled iliac t 
(o» iUiuu) ; the lower 
und hinder portion, 
ischial ' (os iachii 
vel coiondicis, from 
ia^iov) ; &nil the an- 
terior or remaning 
I>art ■■ pubic (os pnbia 

Tel pectinifl). After these pieces blend into one, the Rome 
uomenclfttiire in atill made we of in rcferriug to parts of the 
bono, and in fixing the site of the several objects on it ; thus Vi 
Ik spine or a crest is distinguished by the prefix Uiuc, ischial, ^ 
r pubic, according to its position on the upper, the lower, 
C the anterior part of the bone. 
The innominate is the largest of the class of tabular bones. S[ 

* The ianamiDiite bnne of ItiQ rigkt Bide, — 1. Dnraum ilit 2. The 
)r cDTVud Une. 3, The ir.reiiar cnrml line. 4. Suribce for Uie 
loeul of the glutens maiimue. S. Ths iliac cresl. il. The an- 
)r superiuT iliac spinous pruceu. 7. The wiUrioc inferior s[riaOB> 
8. The pDBterior inferior spiaous proceu. 9. The posterior 
c Bpinum pruoest. 10. A nolch irhii^ fonoapart of the sura- 
Atie fbniaen. 11. The horiiontnl branch of the pabes. 12. Tlks 
Ic-pectineal eminenee. IS. The pubic surface, which goes to larm 
t fymphftis. 14. The angle of the pubea with its deBcen^ing 
miu. 15. Point of jaacticm of the pa hie and the ischial ramas. 17. 
L groore for the obtncstor extemun. 18. Line to which tlie quadistuf 
'a is cDoaected. IS. The iuliial B|nne. 20. A smooth carti- 
ng Burhce on which the obturator intenus turns. 21 . The 
oiiQ of the iscliiun. 22. Ramus of the ischium. '23. The aee- 
am. 24. The briia of the aeetabalum. 25. The uolch of the 
rtahulam. 20. The depressed non-carliUginauB part of the oeotsbu* 

S7. The thjToid roiamEn. 
h Wiuslow BtatH that this name is derived from the bone mppoiiins 
la flank of the bod/, or the ilia. ExpositiuiL AnatomiiiDe, Jcc, { 070- 



INNOMINATE BONE— OSSIFICATION. 

the fourth and fifth mouths the last of the j'rincipal centres 
of ossification is disttuguiahahle in the horizoutui branch of 
the pubio part. 




At the usual time of birth the deposit of bouc has ex- 
tended considerably from the primitive nuclei ; but the iliac 
crest is still largely cartilaginous, and the inner parts of 
the ischial and pubic pieces are in the same condition, — 
bony matter having at this period only begun to incline to 
the inner side of the thyroid foramen, fig. 59, a. 

About the sixth year after birth, the ischial and pubic 



a of the gruwth of the 






Figure a. Bhows ite condition in a full'groim fcetns. Oeaification has 
extended from the primitive nnclet. But the crista ilii \e birgel; 
cartitsgiDoua ; the pubea and behinm are in the Huue c>iniiitian at the 
inner side of the thyroid foramen, nnd a considerable cartilBginoiis 
interval separates the pieces in the acetabulum. B. This has been 
sketched from a preparation laliCD from a child uniler six years of age. 
Bony matter, spreading over tho bone, lias involved the inner parts of 
the ischium nod pubea, but the osseous parts of their rami are stiU at 
Eome distance apart, c. The rami of the ischium and pubea are joined; 
a (arUlaginoDS i-shaped interspace is apparent in tlie acetabulum. 
». This figure is from the body of a person aged about twenty yenra. 
Union has taken place in the acetabulum, and the epiphyses are fully 
roimed. 

I. nium. 2. iBchium. 3. Pnbes. i. T-shaped piece. (This is & 
plan ; this formation occuib in several fragments, which together would 
conetjtute a piece of this kind.) 5. Epiphysis of the crest of the ilium. 
6. That for the tuber ischii. 7. For the pnbes. S. For the anterior 
inferior spine of the ilium. 



THE SBLVIB. 1 

rami ore nearly altogether o«tdfied (fig, 59, s), and they join 
iibout the teuth year (c). 

The three (Uvisioiig of the bone approach each other r-iliaped 
in the acetabulum, by the eitension of the ossific procuaa J^huiu 
from the primary nuclei (fig. 59j a. B. c) ; and about the «"• Jijuc- 
thirteeuth or fourteenth year a Uiatiuct deposit of bony |,rii,idpii 
matter ia observablo in the cartilage which sej>arates them in pl™" *>" 
this situation. Thia added formatiou consiats of sev€iral 
fragments ; and, from the ahape it necessarily assumcR, it is 
named the Y-shaped piece. The imion, therefore, of the 
iliac, ischial, and pubic parts occurs through the medium of 
the inteipoeed piece or pieces now described, and it takes 
place after the usual time of puberty ; the two first named 
jotuiugin the first instance. 

About the age of puberty epiphyses begin to make their Epip]iy« 
ap])earance as follows : °" ■ 

<i. On the crest of the ilium, reaching over its whole 
length (!>,'). 

b. On the anterior inferior iliac spine (n,"). This epiphysiB 
is not constant ; it is said to occur more frec^uently in the 
male tban in the female. 

c. The ischial tuberosity becomee covered by a bro«d, 
curved crust, which reaches upwards on the lamua for some 
distance in a pointed form (s,'). 

d. Lastly, the inner margin of the pubes receives a small 
epiphysary plate (d,'}, which is stated by B^claid to be 
preaent more frequently in the female than in the male 
skeleton. 

The epiphyses aia all joined to the bone about the CnmpiBtJa 
twenty-fifth year. " 

THE PKLTIS. 

The pdvU, or basiu-ahapod cavity, which is made up ih« pelvis 
of the ossa. innominata, the sacrum, and the coccyx, 
deserves to be attentively esamined, not merely na to the 
details of the parts which compose it, but as to its general 
conformation. 

The exlrmtU >urf<Ke. — Taking the objects which are lUMtera: 
deserving of notice on the external sur&ce, and begiuuing ""^*'^'; 
at the median line in front, first is the tym^ym ptibii, or the 
point of junction between the two ossa pubis ; its direction is aijccis 
nearly vertical, its depth greater in the male than in the female. "" "■ 
Below it is an angular space, the pMc or sut^tiu arch, 



THE PELVIS. 

hounded by tlie rami of the ossa puliU and ischii o 
Bide. On e*oh side of the arcli is the thi/roid or oWi 
foramtn above noticed, and still more laterally in the not-, 
Mnibint, above which rises the broad convex iliac put d 
the bone (doratun ilii). Posteriorly, along tho middle liaV 
are situate the tubercles or spinous processes of the Bacrumr 
external to these, the posterior sacral foramiaa ; next, t 
broad, unequal surface, to which the sciatic und jjl'nn lig»^ 
ments are attached ; and lastly, the large, deep ex(MV*ti« 
(sacroscvUic notch), bounded by the margins of the Baema 
and OS inuominatum. 

The internal mir/occ is divided into two parts by ■ 
prominent line (hnea arcuata), leading from the tuberositiei 
of the osBB pubis, outwards and backwards, to tho pronunenl 
point of the saorum ((Ae promonlnrii). This constitDtes tlM 
margin or brim or inltt of Ike (rue pdvii ; all the part sboH 
it being called the falte pelvis, from belonging in reality H 
the abdomen. 

The luptrior rircumfeTcnee of the false pelvis is formed at 
each aide by the crista ilii ; posteriorly may be observed i 
deep notch, which is divided into two parts by the baae cj 
the sacrum, and anteriorly, (in the interval between ti^ 
anterior-superior spinous processes of the ilia,) the margin ci 
the pelvis subsides, so as to present a deep excavation, wluA 
in the natural condition is filled up by the soft parietea of tbi 
abdomen. Along this margin are placed the anterior iaferiiX 
spinous processes of the ilia, the ilio-pectineal eminenoid 
the spines or tuberosities of the pubic bones, with Una 
cristEe and angles. The inferinr circum/crence or outUt «/ tki 
pdnii presents three bony eminences (the ischial tuberoadtii^ 
OQ tho sides, and the point of the spine in the middh 
line behind), which are like so many promontories, separated 
by deep excavations. The anterior of these eicavatiosa 
(pubic arch), triangular in its form, fs bounded on each aidl 
by the rami of the ischial and pnbic parte, which axtan4 
upwards and inwards trom the ischial tuberosities to thl 
symphysis pubis. The two other notches (tacro-iciatic) tui 
placed behind and above the ischial tuberosities, and oott 
respond with the intervals between the sacrum and c^ 
innominata. When examined in the dried bones, Vbea 
extent ta considerable : but in the natural conditio! 
they are divided into smaller spaces by the sacro-soijiti^ 
ligaments, 
of Obliquily of Ou ptivii. — Inthe erect attitnde 
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THE PELVIS— ITS OBLIQDITV. 

llie direction of the pelvis is so oblique (fig. 60) that the ti 
(iL'lvic surface of the anterior wall (pubca) looks upwards as "' 
u'till tm liackwtuils, and that of the positerior w&ll (sacrum and 
coccfx) is directed downwards and forwards. At the samu 
tiuiu the upper and lower apertures are inclined forwards. 
The boae of the SHcrum ' is cousidembl/ higher than thu 



Fig, 60.* 




upper margin of the sTinphTais pubis ; ' the amount of o^icess h 
varies in difit^rent cases, but in a large number of well-formed ** 
feuiale bodies it haa been found by M, NaegeM to be 
three inches and nine or ten lines. The point of the 
coccyx is stated by the aame observer to be — ^taking the 
average of a large number of cases — seven or eight linos 
higher than the inferior margin of the pubic Bympbysis.f 
The obliquity of the pelvis is considerably greater in the m 
fu^UB and in the yoUng child than in the udult. °[ 

* A Yertical Bectjun of s female pelvii duuIg tbraagh tbs lyrophyBia 
pubis and Iha middle of the tacrum, and abuwiog the loft tateril half 
(iwlucwl fium N»!gelu« fignre). J. Symphysis |>ubia. 2, Base of 
aai-xuiu. li. Uucoyi. 4. AotcriarsuperiDC iiiioe of Uiuin. 5, Tube- 
roaity v! xtiiuaai, 9, Rpioe of ischium. 

t M. Naegele loads obsemtioiia an his hundred healthy f^malet 



AxU of ih« pdvi». — In deteniuoing a line whi 
be equ&Ily distant fhim tbe uuier Burfoce of the peivia a 




sides, it ■win. be nnneccaefuy to dwell on the lateral 1 
inosmudi ss tliege resemble ono unotber exactly, and nW 
a line does sot therefore in any degree deviate to eitltsr j 
them throughout the whole extent of the cavity. But tbeitf 
1- BO much difference between the anterior and posterior vroU^^ 
the former 1 J to 2 inches in length, and oblique in difectiof 



who bad borne ehildren witbuut the ocenrrence of unwont*d difficnll] 

ona hundred uid forty-niiiB of the number were tnl! person*, fifly-»efl 

of abort stMum, and tbe remainder uf middle fa«>ght ; he found ' 

Thikt the point of the coccji mu higher thun | 

the inferior margin of the aymphjiis jiubia (the i 

Dpper angle of ^e pubic arch) in . ■ , . iGl 

That it wu lower thtui the Htune point in . Sfl ' 

And that it was on the umo lercl in ... SO 

The madmum of eleiation of the point of llis caeo3^ abore the agi 

tftbe pubic arch wm twentj-Iwo linci, and iti maiiinnffl of depKaay 

f 'haSov the HUDO point nine lines. The avenge of alt ii lialcd io l| 

\ tart.— '"Das weiblicheBe<;ken,"JLC. Carlmhe, 1825. 

L verliral section in outline of the peiria at its middle, i 
L'iadieMitig the axea of the p«lvi^ and ■ horisoDtal line bdow tl 



le, with liM 



THE PELVIS— ITS AXBS. 
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tbo latter abont 5 inches long, likewise obliquo and mucli 

curred, — thnt the nxia will be situate at different distances 

tram tbese walls in dtlTereDt parts of tlie cavity. It ia for 

this reason that Ecreral axes, or axes for several parts, are 

recognised ; viz. one for the inlet of the tnie pelvis, another Three oiai., 

for the outlet, and another again for the intervening epaco, 

— the cavity ; and each of these requires some notice. It 

muiit be pronuHoit, tlint the direction of the axis at any part 

of the carity will be marked by & line which is at right 

angles with, and passes through the centre of the plane of 

that part. 

The ax'm nf Ihe inlet of the true pelvis. — The plane of Aibof 3d- 
the inlet of the true pelvis will, in the section of the cavity i^ri^°^a 
(fig. 00), be represented by a line drawn between the base luwltmirdn; 
of the sacrum and the upper margin of the pubes (fig. Gl, 
a !'), and a line at right angles with this at its middle, c d, 
will give the direction of the axis required. The axis of this 
part is therefore directed downwards and backwards, and is 
usiuiily said to coincide with a line drawn from the umbiliouB 
to the lower port of the sacrum ; and this is not for removed 
from coirectnesB, for M, Naegel^ found that in the average 
of a loi^e number of female pelves the lower end of such a of outlo^ 
line would foil against the coccyx (below the middle). As ^d fw^"^ 
regards the tew of tht outlet : it is indicated by the line h g, ""d* ; 
at right angles with « / at its middle, which line represents, 
in the section, the plane of this part of the cavity. This axis is, 
therefore, directed downwards and forwards ; and if continued 
into the cavity, would cross an extension of the axis of the 
inlet. When the coccyx is moved backwards, this axis 
undergoes a correaponding alteration, as indicated by the 
dotted tines behind h. * 

Thr axif of the capUij. — The cavity of the pelvis being "fclW. 
much curved, so likewise must its axis be ; and for general txcui cuo 
puqiosea it will be sufficiently correct to say that, beginning t"™"' 
with the axis of the iulet, and following the curve of the 
sacrum and coccyx in the middle of the cavity, it terminates 
in tbo axis of Uie outlet — in the course of the curved line 
between d and h* 

It is to be borne in mind that the foregoing observations 
have reference to the pelvis in the skeleton, its osseous 

* The cud cnuree ot the line miy be d«termiaed b; finding tb« 

oxea of different parts of the csTity, DtnaU at veij ehort intervals Mow 

]f other, on iLb priuoiple already referral to, and drawiag a V 



The pBtelli* ia ossified from a aingle oeatre, trliic^ a 
ng to Bc^ckrd, is apparent in the iniddle of the iliinl yew. ' 



THE TIBIA. j 

The tibia, next to the femar, is the longest bone in tlui 
skeleton. Situate at the anterior anil inner side of tlie leg^ 
it alone receives from the femur (iindtr which it is placet 
vertically) the weight of the trtml, and communicate* il 
to the foot. Like the othia' long bones, it ia dlvidad intoq 
body and two estremities. i 

r The sapr-rior artremitij (fig. 64,'), much thicker and inonl 
exi>iLitded than nny other port of the bone, einc« it i| 
proportioned in size to the lower extiiaai^ 
Fig. 64. of the femur, is hrondor from eide to mdM 

^ ; , than from hefore backwards ; its ctietunfsc^ 
ence is Bomewhat rounded and convex ifl 
front and at the sides, hut elightlj hoQoweJ 
posteriorly. At the forepart, a little belo^ 
the head, is au eminence,' the iubtnUi 
which is somewhat rough at its lower pai^ 
for the attachment of the ligament of thl 
patella ; and smooth superiorly, wben ij 
corresponds to a small synovial bum, ial 
tervening between that ligament and tk^ 
hone. On the sides of the bone, uid abor^ 
tliia tubercle, are two rounded eminenoea 
the tHberoiitiu, the external one ' betnj 
somewhat sm^er than the other,* aai 
marked posteriorly by a flat surface irliidl 
articulates with the head of the fibula. <tai 
the superior aspect of this portion of th^ 
bone may be observed two concave caitil 
kginouB surfaceB,' ' the amdykt, wbioll 
sustain the coudylca of the femur ; tbd 
intemnl one is somewhat the deeper, ttoA 
its greatest diameter is from before back* 
wards : the external one is nearly circular. In the interra] 
between the articular surfaces is n pyramidal eminence,' tht 
summit of which is usually divided into two tubercles ; if 
is named the spine or uptnoiis pyocem of the tibia ; botli 
before and behind this is an irregular and depressed surface^ 
which gives attachment to the crucial ligaments and tlis 
semiltmar cartilages. 
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THE FBUUO. 

which may bo anitl to Lelong to the pelvis, lie chiefly in Uqnll]' 
the abdomen. The obliijuity of the cavity is greateBt ia Jl^j'^n 
early life. 

TOE FEMUR. 

The femur or thigh-bone (6g. (12 ; os FLfi. 02." Fomui 

/(jBflrifi), the longest and largest bone of 

the Bkeletou, is sitiante between tho ~ 

pelvis and the tibia. In the erect posi- 
tion of tho body, its general direction 

is not vertical, but gradually inclined 

iuworda towards the lower part ; bo that 

tbi! boneB of opposite sides, though 

at a considerable distance apart wh«re 

thuy are connected with Uio pelvis, 

appraacli each other inferiorly, and 

come nearly in contact. The degree 

of this inclination varies in different 

[)eraoua, and is more marked in tho 

female than the male. The femur pre- 
sents a central port or body, and two 

eitremitiea. 

The budy,' or the shaft as it is Bome- 

timea called, compressed, but nearly 

cylindrical towards the centre, and at 

the same time slightly convex or arched 

forwards, is expanded superiorly and 

inferiorly. Its anterior surface, convei 

and smooth, is broader towards the 

lower than the upper end. Both ita 

lateral siuiaces are compressed and some- 
what flat ; but it may be observed that 

I eitemal is somewhiit concave. Tho surfaoa, which 

riorly looks inwnrds, is, in the lower third of the 

, inclined somewhat backwards, and gives attachment 

ae vastus intemua. The anterior surfaj^e is Heparated, 

iwugh not in a very marked degree, from the lateral 

1 by two lines, which may be traced upwards from 

t at tbe feiDDr of the right aide. 1. The shafi. 3. 

„ .. 3. The Bmall trochaoter. 4. The neck. 5. 

lead. 6. i» abovfl the trochaBlerio fuHsa, 7. is ssiii to mark the 

ml condyle. 8. ThearticnlarBiirfiice of the erteraal condyle. 9. 

^pit for the tendoa oflJie poplitens miuote. 10. Tbe extenial tabe- 

II. The intenul condyle. 12. The iuteriiiil tuberosity. 



163 THE FEMOB. 

the condylag, toir&rda the superior extromity of the %on«| 

but jKisteriorly, at the union of the two lateral snr&ces, > 

3 rough and prominent line, the Hitea mpera, which gira 

aKachment to several muscles. I 

Hnet is- The tinea aipera ia moat prominent tovaj^ tlie centn 4 

^^ ' the bone, and, when ezamineil with attention, present* tw) 

lanrginB and a. rough interroj, each giving attachment tl 

muscles. Above and below the centre, it snbsidea as i 

were towards the extremities, and lUso becomes bifurotatl 

lubmiciiBii, The two superior divisioiiB or bnuicbes of the line terminat^ 

l"^/ ^B °^^ (internal and nomewhat shorter) at the leaser trO 

chanter ; the other, external, at the greater truchanter ; il 

the course of the latter a rough and often stiougly-mArkM 

impression exists, which gives insertion to the glijt«d 

maximue. The inferior divisions spread more asunder, anl 

terminate at the condyles, enclostug with the iiiai;giju a 

these prominences, a flat triangular portion of the bona 

which correfponds with the pophteal vesseta. Towards tlM 

S'utrittre superior part of the linea aapeia may be observed a forames 

directed from below upwards, which tranauita nutritiff 

Tessels of tho shaft. 

Ti"" "PP"'' At the aiijjcrior Kifrtmitj) of the bouo is placed ita netdl; 

jtidircc- ' which is clirected upwards and innards, so as to fona al 

''™- obtuse angle with the body or shaft ; nt its point of nnitd 

with the latter are two eminencos (trochanters), one tiif 

larger on the outer, the other on the inner side ; it i» Sttai 

between these that the necic arises. I 

OrMthB- The triKhanti-r major' is prolonged from the extanril 

surface of the body of the bone, and nearly in a Una witt 

its axis. This apophysis, quadrilateral in its form, i| 

convex and rough on its external surface, which is impraaMd 

with a mark directed obliquely downwards and forwuda tbi 

the attachment of the gluteua medins ; the internal surfacej 

TnKhnDtc- of leas extent, presents at its base a pit,' the trockanttrie o| 

"'™"' digUal foua, which gives insertion to the external obtuTfttot 

muscle ; its superior, or terminal border, is flat and straight 

and the posterior thick and rounded. At the poeterioq 

aspect of the great trochanter may be observed an obliqna 

and prominent line, dtrocteil downwards and inwards, ami 

terminating in the trochanter minor. 

Bmnll tro- The trochanter tninor', a conical rounded eniinenoo, piii>. 

jects from tho posterior and inner side of the bone, and girca 

attachment at its apex and back part to the tendon of tha 

psoas muscle. 




THE PEMtJR. IBS 

3 iie^k of the femur,' which is ao niiraed from its Tlieiiooli, 
■ Wmatrioted appearance and supporting the he»l, fonus aa 
obtuse iingl« with the body td the bone, and is pierced liy 
numerous viucular apertures, espociuUy at the bock. It is 
compreweil from before baekwnrds, so that its diameter ia 
much letia oonsiderabla in this than in the vertical direction, 
in which greater power of resiatance ia required for sustain- 
iug the weight of the body ; its anterior surface is broad 
and smooth ; the superior border, inclined upwards, is short 
and somewhat concave ; the inferior is the most extensive. 
Till! luiiun of the neck with the body of the bone is marked 
by the trochantera and two intervening oblique lines, iiitfT- inter-iro- 
truehanterir, of which the anterior one is rough, and but ^'^ 
slightly prominent ; the other, situate posteriorly, forms a 
smooth projecting ridge, which overhangs the trochanteric 

The neck is snnnounted by the globular head,' which Tiia hmui 
forms a causiderable segment of a sphere, is coated with 
cartilage in the fresh state, and lodgod in the acetabulum. 
A little below its most prominent point is a small pit, 
wliich gives attachment to the ronnd ligament. 

The inferwr extremiti/ of the bone, much thicker and Tho lowor 
broader than the superior, is terminated by two eminences, "^ 
separated posteriorly by ft deep fossa ; these are named 
condyles, of which one is external, the other intemaL 

The txUrtial condyle ' is larger, and projects forwards Eitcmal 
more than the internal ; its articulating surface also is =™^'0' 
broader, and mounts higher up anteriorly ; its external 
surface, rough and unequal, presents infertorly a pit,* which PitfarpoiH 
is elcmgated from before back, and gives origin anteriorly i""* 
to the tendon of the popliteus muaole ; immediately al>ove 
this is a projection,'" external tiAcroaily, which gives attach- Kitemul 
ment to the eiternal lateral li^ment &f the knee-joint. tnbsrwity. 

The intertial condyli " is the longer, and descends rather iDtsnui 
lower down than the other ; but by means of tho obliquity ■^""^r''- 
of the shaft of the bone, both condyles are brought to the 
sauiu level whon.the femur ia in its natural position. The 
iuttimal condyle projects from the axia of the bone more than 
the external one ; it presents at its inner aide a tulxToaily," Inionul 
which gives attachment to the internal lateral ligament of "'""*)'■ 
the knee-joint and the tendon of the adductor magnus. 

The arlieitlar sutfacet of both condyles, covered with ArUouUr 
cartilage in the fresh state, nre united ajiterioriy, where they "'^*<'» 
form B puUey-liko sorfiwa * oonoare fh>m side to side, on 
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THE FIBULA, 

iniraTda towards that bone. Like tlie tibia, it ta divided inl 
a body and two extremitiea. i 

The body or sIm/I of the bone, irregularly tiiangnlar in it 
fonn, presents three proirdueut lines bounding three siiriaoe^ 
the anterior (fig. 64,") or moit prominent line bifuroUa 
towarda the lower extremity of the bone, so tkS to eudoae | 
slightly concave triajigular surface," which is subcutaneous 
The internal one also gives attachment to rausclea, and iofe 
liorly, where it inclines forwards, the inter-osseous ligiunen 
is inserted into it. The inttrnai surface '' looks backwaida tt^ 
about a third of its extent, and somewhat forwards in t&e rot^ 
and is divided, but unequally, into two parts by » sliglitlyi 

i. marked longitudinal line, to which the i)it«r-ogBeous ligamenl 
is chiefly attached : the part of the surfacii behind this line I 
grooved, and presents a vascular opening, directed dowa 
words, for the chief bloodvessels of the shaft of tlie bone ] 

; it gives attachment to the tibialis posticus muacle : thf 
anterior portion, the smaller, aSbrds atta,chjnent to miiscld 
placedon the front of the leg. The exttnud surface," cancan 
in the greater part of its extent, gives origin to iquscIm, 
Towards the lower eud of the bone this surfucu is iiicliuM 
backwards, conforming with the peronei muscles, which an 
connected with it, and incline in that direction to pasi 
behind the external malleolus. Tho posterior surfoc^ 
flattened and rather smooth, afibrds attachment to muscW ; 
in the lower part it inclines inwards, and is tcnninated bf | 
rough surface connected with tho tibia. 

The aMpenor extremttij of the bone," called also iitt )uai 
is smaller than the inferior one ; it presents on the superoi 
internal part a small oval and nearly flat surface, for iti 
articulation with the corresponding part of the eztenu) 
tuberosity of the tibia ; the remainder is uneven, and giT«^ 
insertion to the biceps flexor cruris, and to ligaments. Thf 
it^erior or tarml extremity" funna the ittlcnuil tHalttotut^ 
which is longer oud more prominent than the internal oq« j 
in front it projects rather abruptly forwards ; behind ia ■ 
shallow groove traversed by the toudons of the peroiui 
muscles ; the outer side is convex and suboutoneoiu ; iSi4 
inner presents a small triangular surfiuM, convex in the pwij 
pendiculor, and nearly plain in the an tero- posterior diroctioiij 
which articulates witli the astragalus, and is baundud pg^, 
teriorly by a rough depression, affording attachment [^ ^ 
ligament of the ankle-joint ; the apex gives origin to p^ 
of the external lateral ligament. ] 



THE PIBDLA. iTa OSSIFICATION. Ifll 

ArikulatUnia. — The fibula articutatea at both extremitiei Artiinili- 
with the tibia, and at the inferior oao with tlte outer surface 
of the astragalus. 

The oMtfeotiun of the shaft of this bone occurs a little OHlflMtioo. 
later tba» that of the shaft of the tibia. Both enda are siaIs at 
cartilttginous at the ordinary time of birth (fig, 06, A). '""'^ 

The epiphyses are liliewiiie formed after those of tho tibia. Bp)phyi« ; 
Their ossification begins witii the luwor one, in which au upper. 

Pig. 66.' 



osseous granule appears in the second year (b,*) ; and the 
coDunencemeut of the process is discernible in the upper 
epiphysis, between the third and the fourth year (c,'). 

Cimaolidation.—Conttmy to the order which prevails in Ordorol 
the union of the parts of tba femur and the tibia, that ^^i^"^ 
opiphyaia of the fibula, which is the first to take on the "u"". 
otuuous state, namely, the lower aud lurger one, is at the 
same time the Grat to join the shaft of the bono (»). The 

' A. The preparalion from -which Ibis figure IiM b«n diawn was 
takca from the body afiv fcetus urriTed M Ihe nnul period of birtb. 
The shaft is oaaified, and tbe eada of tba bone remsia esrtiU^DouB. 
B. A Dudeui has sppeued for the lower epiphjna. o. That of tba 
□pper ope is added. (When the upper epiphysis is ossified lo this 
extent, the lower one is mors adTMieed than is here represented. I D. 
The lower end of Ibe buDC is complete, tba superior epiphysiii beiaz 
^_MUt sepsnible. 

'. Tbe shaft. 2, Tbe lower tpipliysis. 3. Tbe upper one. 



implaUas. puta appear to unite Goiuewlmt later than in tbe tibia 

eonsolidntion is complete betwoeu the twentieth and tbi ' 

twenty-fiftli year. 

BOMBS OF THE FOOT. 

The Foot is composed, like the luuid, of three par^ xa. 
the tardus, the metatorsua, and the phnluiges ; their Upper 
and under aspects are showu in figs. 67 and 6~*. Tbae 
parts will in the first place be described scpBj-a,tely, and 
they will then ha reviewed iii connection one with another, 
constituting the frame-work of the foot. 



iposed of seven hones, viz. the oa o 
cuboid, scaphoid, and three cuneiform. 




BONES OF THE FOOT— CALCANKUM. 
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This bone, fig. 67, (os calois — eti- 
caiiciun,) ia placed at the poateiior nA 
inferior part of the tarsus, and fomu thi 
heel by its projection backwards ; el 
gated from before backwards, and o 
pressed laterally, it is the largest of tbe 
bones of the foot. 

Superiorly it presents (taking the 
objects BUCceHsively from behind tor- 
wards) a concave portion,' interreninj 
between its posterior border and the 
surface which articulates with the astim- 
galuB ; then the liu!t-nanied surface, 
which is bounded anteriorly hy a rough 
depreasiou for the insertion of a ligameirt 
{interosaeous) ; and lastly a narrow con- 
cave surface,* which also articulates with 
the astragalus. Ou the inftruir surface, 
which is narrower than the preceding 
and broader behiud than before, ai« 
observed posteriorly tiro tuberclea, ' ' (the 
internal being tbe larger,) serving for the attschnient of the 

traDsfbrmod into two inclacu, whidl vtZf in 
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THE ASTRAGALUS. 

pknUr fascia and the superfidal pluntnr miisclc« ; atiU 
between them ia a depresaion for the origiii of th« loug 
plitntHT ligament. Near the front is 
another omiiieuoe,' giving attachment to Fig. 87*. 

the inferior ligameut {calcaneo-scaphoid) 
connecting thia bone with the scftpboid. 
The anterior ttirfact, the smftllMt, is 
Hlightly concave, and artiuuhites with 
the cuboid, bone. The poaterior mrfact, 
convei, forma a rough projoction in- 
feiiorly {labtr ealcis),* which receives 
the attnchment of the tendo Aohillis, 
and is continued into the tubercles on 
the lower surface of the bone," more 
ospeciiiUy the inner one. The upper 
part of the poeterior surface,' smooth 
and \vsa prominent, is separated from 
the teudo AchiUis by a synovial bnwa. 
The rrti-niiil mirfaet, nearly flat, liroader 
behind than before, presents towards the 
forepart superficial grooves ' for the 
tendons of the peronei muscles, and is 
subcutnneoua in the rest of its extent. 
The tiifliw »urftic«," deeply concave, is 
tiavemed by the plantar jewels and 

nerves, and the tendons of the Sexor musolea. At the " 
anterior and upper part of this sur&ce. is a prominent 
process, which deepens the concavity ; it is grooved beneath' 
for the tendon of the fleior longus poUicis, and above con- 
tributes to form the ooncuve articular surface which aupporte 
the forepart of the aatragalu^ and hence the name " austen- guitinusu- 
taculum tali" applied to it.* IiuhUIi. 

The calcaneum articulates with the aetragalua and the Artlcula- 
enboid bone. "°" 

THE iSTHiOALCIt (tAioa) 

The astragalus (dfrrpuyaXor, a die,) is the highest bone of A>iragaiu>. 
the tarsus ; its form is irregular, and it appears as if twisted 
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excavated part,'" serving for the attachment of ligaments ; 
" Or "suatentaciilnni ocrviuis tali," — "Jlbini dt Si.\>leli> humano 



THE CUBOID E 
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Articulmr jud behind thia a largo convex cartilaginonB surface ", wtiidi | 

dblnrlu is more prominent on lUe ouW tliau on the iiiner suJe, 

^^'^ broader liofore than behind, and articulated with tlie low* 

thou roT oxtromity of tlie tibia. On both the <"iUr and inner tidu w * 

S^^ amooth surfnce, " " {the outer triangular and the deeper) ; these 

anoe. siufaceB are continuouE nith the preceding, and articulated 

with the inferior extremities of the tibia and the fibula — th« 

Tho» for OS malleoli. On the inferior surface are observed, in front and 

mwd br°^ Bomewhat internally, a narrow flattened surface, anil behind 

g'™'"- a broad concave one, both articulating with the os calcb ; 

these are separated by a groove which receives the ligament 

that proceeds upwards from the laat-named bone. "He 

. anterior mrfoce,'* convex, is received into the hollow in the 

Head. scaphoid boue ; it is called the head, and the coustricUd 

Neck. part by which it is supported, the nctk of the ostragahu. 

OrocuBfor The pnatcriiiT ivifiicf. Or rather border, is grooved and 

tendon. traversed by the tendon of the flexor longus pollicis. 

.\iticuls- The astragalus articulates with the tibia and the fibnla 

""■ above, with the OB calcis below, and with the scaphoid in &oDt. 



t>mJ i This bone {os whoidea, caboidenm) ia situate at the «i- 

potiUoD. temal side of the tarsus ; its form is indicated by its name. 

The tupcrior surface,'^ rather rough, and inclined obliqoiely 

outwards and upwards, gives attachment to ligamonta. Tke 

inferior sjirface presents in front a depression," traversed by 

the tendon of the peroneus longus muscle ; in the nntldle • 

dgoon transverse ridge (tuberosity),'' and behind this an irr^^pilar 

•Of nir- gypjjj^^^ IB ]y^]i of which give attachment to the caJcaiwo- 

cuboid ligament, and the former also to some fibres of Hut 

ligamontum lougum plantie. At the nnferior a^Kct of Uw 

bono is a smooth surface, which is divided into two pturtk 

the internal one being square, the external triongulkr, 

the former articulating with the fourth, the latter with tlw 
fifth metatarsal bone ; at the posterior lupcrt is a surface ftr 
r- articulatiou with the ob Calais. The exlemal sarfuee or rsthtr 
boTiler is short and rounded, and presents a groove," which it 
continuous with that on the inferior surfaee, and serves tor 
the transmission of the tendon of the peroneus longus mnsc^ 
On the iiitej-nat sMrfocc may be observed, towards its middle, 
an elongated, smooth, and nearly flat portion,-' which 
articulates with the third cuneiform bone, the part before 
and behind it being rough for the attaobment of ligomca 
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THE SCAPHOID AND CUHHPOKM BONBS. 



Thiti Burfnoo liltewiae articnlntes sometimes with the scaphoid 
b7 a amiiller posterior impreaaion. 

The cubuid iu-ticulatc\i with the fourth and fifth msta- ^ 
tarsal bones before, with the os calcia behind, with the t*™ 
external cuneiform, and aomutimes with thu scaphoid. 



THK SCAfBOIS BOHB. 

The scaphoid or navicolar bone," so named from its ex- 
Cftvated form (<riia<t"i, navU), ia phiced at the inner border 
of the foot, between the astragnlus and the cuneiform bones. 

It presents a concuTO ortioiilating mirface which looks 
backwards, nnd s convex ono which is turned forwards. Its 
inner margin projects in the form of a tubercle" towards the 
sole of the fiMit. Upon its upper and inner surfaces ore 
inequalities for the attachment of ligaments ; behind, a con- 
cavity for the head of the astragalia ; in front, three 
distinct surfaces for articulation with the three cuneiform 
bones. At the lower and inner border is the prominence or 
tnbercU, above noticed, which gives attachment to the 
tibinlia posticus muscle ; on the outer side, in iwirae in- 
fltauces, is a small articular surface, by which it is united to 
the cuboid bone. 

It articulates with the three cuneiform bones, with the 
astr^alus, and sometimes with the cuboid. 
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THE CimSirOBH BONBS. 

These bones " " " (ossa cuneifonnia, wedge-shaped) con- Thiw 
atituto the anterior and inner part of ihe tarsus ; the name '"''"' 
expresses their form. In number three, they aro distin- 
guiahed by their numerical order from within outwardK. 

The first is the largest, and has its base or brond portion ihelr 
turned downwards to the sole of the foot ; whilst the second, or '""^°* 
middle one, is the smallest. The second and the third have 
their bases or broad parts at the upper or dorsal surface of the 
foot, and contribute to give it its arched form. These bones Artie 
articulate behind with the navicular, and in front with the first, ""'" 
second, and third metatanal bones. In consequence of their 
excoHH in length over the middle one, the outer and inner, 
in adilition to articulating laterally with the corresponding 
aides of that bone, are in apposition with the base of the 
secon<l metatarsal bone, which is inserted between them. 
The inner side of the first is subcutaneous, and the outer 



• THE METATABSAL B0SE8, [ 

aids of the third articnlates, by a smootii fl&t snrfiMM wiii 
the caboid, and by a. Hmall linear facet with. Qui finuA 
metataroal bone. 



The inetAtaraus, tlia second division of the foot, i 
between the toiBUS and the phaknges of the toes, aud o 
of five bones, one for each toe. These axe aepaiatwl, didepl I 
at their posterior extremitiea, where they are in contact, bj T 
four iatarBpacea (inkr-oaseous *paces), which decrease iii i 
front the inner to the outer ddo of the foot. The bonei >n I 
named according to their numerical order frum within onfr 1 
trarda — that of the great toe being the first, tuid that of tl» I 
little toe the fifth or lost ; and the inter-oaaeoua spaces in 
named in a aimilar manner. 

Common thartzcter$ of the metatarial boiies. — They m 
long boneB in minintuiu, imd may therefore be eotr I 
venieutly regarded an consisting each of a body juid tm 
extremitiea. 

The liodift ore, in the longitudiual diicction, Eoinowlut 
commva on the plantar and convex on the dorsal aq>eet ; 
and they have each, with more or less re^i;ilarity, three sidM 
and aa many bordera. One aide corresponds with, the dor- 
sum of the foot, find the others bound the iiiter^oMeoui 
spaces. 

The posterior or tarsal ends (biua) of theae bones an 
broad and squared on thu dorsal siirfuce, and, becoming bh> 
rower in the opiwidte direction, they contribute, is imiw 
quence of their cuneiform or wedge shape, to the gentnd 
tnmitTerse arching of the foot. They terminate behind with 
plane articular Hurfacea for conuectiou with the tarsal boDsa; 
and, with exceptions to be noticed presently, they Imv* 
likewiae small articular faces on their sides, where Uiey ant 
in contact one with another. 

The anUrior or digital eniU {ktadi) of the metatarsal booH 
are slightly apart irom each other, and are marked ou their 
sides by depressions anil by Biaall tubercular prujecttoou, 
They are much smaller than the tarsal extremitioa, ai^j 
they support the first phalanges of the toeis by caav«x 
II- articular surfaces, which exteud on to the plantar itapect 
*" of the bones — the aspect of fltision of the joints. 

While the metatarsal bones thus resemble one another in 
some respeols, or have certain cliarooten in commou, e 



THB UETATABSAL BOKEB. 
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has peculiarities which serve to diatinguiBh it from its 
fellows. 

Special or individwd cJittmeiars,— Th* grent siKa of the JirH Pint ; l« 
is its most prominent distinctive nmrk. It is much thicker, vciouUr 
and more maiiaive, though ahorter than sny of the other Jj'j^™ "'' 
boaea. The tarsal end, or bate, rough at its circiuuference, 
eapeciallf towards the pkntar aspect, haa no lateral artlculai' 
facet, and wonts the square shape which belongs to the 
others. The surface which rests against the first cuneiform 
bone is oval and slightly concave ; and the joint formed 
between thoni is directed obliquely forwards and outnorda. 
The digital end Qitad) forms the ball of the great toe : it 
is in contact on the plantar aspect with two sesamoid 
bones ; the articular surface appropriated to these little < 

bones is divided by a ridge into two parts, one for each 
bono : these ports, either one or both, often have a grooved 

The Kcotid is the longest of the metatarsal bonoa. The Bcmndli 
posterior end has articular surfaces for the three cuneiform JJ^ieJ^S^ ' 
bones — it rests agunst the Bocoud, and is supported laterally wjOi ihroo 
by the first and the third. On the outer side it is likewise bua«. 
articulated with the third metatarsal. 

The distinction between the third and the/ourWi ia by no TlUrdimd 
means so readily made aa between others of the series. ^^^Sihed, 
They have nearly the some length, but the third is slightly 
the longer. Moreover, the lateral articular surface on the 
inner aide of the fourth is not so close to the tarsal end of the 
boue, aa it is on the neighbouring side of the third ; from 
this it resultg, that, when the two bones are adapted to each 
other in their proper relative position, the foiulh projects 
behind the third ; and this is necessary, in order that it 
should i^och the cuboid, whose ai'ticular surface is in a 
corresponding degree behind that of the third cuneiform 
bone. It will likewise usually be found that the fourth has 
on its inner side, for connection with the tareal bone la^t 
mentioned (third cuneiform), a small additional facet, which 
would serve to characterise it. 

The ffth is readily rew^nisod by several striking cha- Fifth, :tj 
meters, viz. its length (which is less than that of any of '""e'l". 
the other metatarsal bones except the first), the large size of 
its base, and some further peculiarities of this extremity ; 
namely, the presence of a single lateral articuhir surface 

I ibr the fourth metAtaraal bone, and a large rough tube- tubgroBity. 

■MO«ity on the opposite side, which projects beyond the other 



C0OESF0in>BK0E OF THE BONES OP THE UHBS. 

is the pleurapopliVBis (fig. 2, pL &p.) ; tlua is represented hjr 
■"?"'• the scapula proper in one luop, and by the iliac piece of the 
hftutich-bone in the other. The next component, in the order 
named, is the htemapophyBia, (h. ap. ) — its couiiteqiart being 
coracoid the comcoid proceaa or bone in the scapular arch, ajid tha 
Uchidm ; ischinl boue in thu pdric. The Inst ulement, compluting a 
risceral arch, is the htumal spine, (li. s. ) ; but this is not sup- 
posed to he present in either of the two arches, since they 
are not joined by bone across the middle line of the body, 
but are coniiectod only bj ligamentous Htruoturc, 

The determination of the nature of the remaining pieoes of 

irith pub^° the scapular and pelric arches, viz. the clavicle and the oe 

pubis, is somewhat less easy. Without entering fullj' into 

tliia debated point, we may say, that they are considered to 

belong to the htema! arches of other segments — the former to 

the first cervical, and the latter to the first sacral vertebra. 

According to this viev, they are hemapophyMS of those s^- 

ments, which are enlarged, and contribute in man to fbrm 

the loops for the support of the limbs, * 

J''*™'- Arm aud thiyh fcoiiea. — Alike as far as concerns their 

rnmuruiii positjon iu the limb, and their use, the arm and the tlii^ 

obSoia ' twues further resemble one another closely in form. Bounded 

in the shaft, eaeli has at one end a spheroidal head, with a neck 

not in a line with the shaft, aud two tubero,=itios or leren 

for the attachuieiit of musoles ; luid at the opposite end, 

each, being elongated trnnsveraely, is fumishei) with condyloid 

articular surfaces. 

Twoboiiea Bonts of Ihe fore-arm and leg. — In both limbs there an 

* two bones, and anatoiniaU have differed much respecting 

the question, which two of the four bones correspond to one 

another. In determining this matter the size and shape of tlw 

bone, and its upper articulation, are not so important to he 

cousiderod at its poaiiion iu the limb, and specialty its arfcioa- 

lation with the hand or the foot.t Eeepitsg in view thaiw 

ludiim.ind points, WO observe that the radius iu the fore-arm ie plaoed 

on the same side of the limb hh the thumb, whilst the tibia is, 

in like manner, in a line with the great or inner toe, and it 

might appear from this circumstance, that these are the two 

answerable bones : but as the hand can at one time hm 

* Tha view can be here stated oqIj ehortly, but the reasons for iu 
adoption are ginui by Professor Owen in bin publUhed wotlu "On the 
Homalo^es," and " On the Nature of Limbs." 

+ This identiflcation il easier wbea the cunditlon in naim 
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flexor miiscleH (tbe 011I7 exception ta this atatoment being 
the patella), and serru the pnrpoBe of increasing tlieir 
mechajiical ndvantoge, hj removing tliem fortlier from the 
axes of the bones on which thej act. 



BONES OF THE POOT AS A WHOLE. 

The oBBeouB framework of the foot, construclad of tho Tho foot 
parts above separately described — tataiia, metotaraus, and 
phahtngcH of the toes^ — is placed horizontally below the leg 
wtiich rents on its upper surface. 

The posterior end (the heel), projecting behind the leg, is Hncl 
narrow and thick ; the anterior part is broad, thiimer, and 
expanded towards the toes. The upper surface (" dorsum " Dortum, 
of the foot) is convei in two directions — longitudiniilly and t^'dj^'. 
from aide to side. But in the latter direction the arch of tl™a' 
the foot is much higher at the inner than at the anter side ; 
and it is towards the inner and more arched, which is at 
the same time the longer and more tnasaivB side, that tho / 

weight of the body is received from the leg. The lower or 
plantar surface (sole of the foot) presentH corresponding con- pimuranr- 
cavitios. IVom this shape it results, that, when the foot ^j""' 
rests on a flat surface, the heel, the digital ends of the 
metatarsal bones, the toes, and the outer part of tho sole 
ore in contact with the surface ; but the middle, especially 
towards the inner side, is elevated from it. 

The constituent elements of tho hand and the foot are Footmn- 
adapted by diflerences in their size, and in their relative 1^^. "' 
proportion and arrangement, to tho vary different uses of 
the limbs to which they respectively belong. 

Thus, all the parts of the upper limb, which is a prehensile ^IT" j'j"'' 
organ, are in a line one with another ; the fingers are elon- 
gated, and comparatively free from tho palmar part ; and 
the thumb (including its metacarpal bone) has independent 
motion, and may be opposetl to the other fingers. At the 
same time the carpus is small, serving only to connect the 
metacarpus to the bones of the fore-arm, and to contribute 
to the free motion of the wrist. On the contrary, the foot, 
an organ of support, is set on at right angles with the leg, Loo'sr limb 
and has no provision for the variety and facility of motion '<"■«■?[»" 
which belong to the upper limb. The toes, small in size, 
are cushioned at their roots by the soft parts of the sole of 
the foot, in which they are impacted 1 the great toe has 
only the same extent of movement as its feUows ; and the 
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three in the foot ; but practically it may be said to ha^e 
the same number in each, as the pisiform is out of the 
range in the hand, and appears more like a sesamoid bone. 
Taking the number then as the same, the arrangement in 
the hand is transverse as in the anterior row ; but in the 
foot, on the contrary, the bones are placed in a line firom 
before backwards, so as to elongate the part supporting the 
body. The inner bone of this row in the hand (which is 
still supposed prone) and the anterior one (scaphoid) in 
the foot articulate with corresponding bones in the anterior 
rows ; whilst the external bone in the hand (omitting the 
pisiform) and the hinder one in the foot (os calcis) articulate 
respectively with the homotypal bones in the anterior rows ; 
the middle bone in each instance maintaining its connection 
with the inner long bone (radius, tibia) of the fore-ann 
and the leg. By the connections it is determined that the 
representative parts in the hinder row in the two limbs are, 
scaphoid of the hand and scaphoid of the foot ; semilunar in 
the upper, and astragalus in the lower extremity ; and the 
conjoined cuneiform and pisiform and the os calcis — ^the 
epiphysis at the back of the latter being the counterpart of 
the pisiform bone. 

Although the arrangement of the bones of this group is so 
much altered in the foot, the middle one of the three, the 
astragalus, keeps its relative position ; but being greatly 
enlarged it pushes forward, so to say, the scaphoid, and 
backwards and downwards the os calcis, and comes to 
occupy alone the whole articular surface of the tibia. 

Metacarpus, metaiarsusy and plialanges. — The correspon- 
denoe of the bones of the different digits of the two mem- 
bers, is too apparent to require explanation ; the thumb being 
to the hand what the great toe is to the foot, the little or 
fifth toe answering to the little finger ; and so on through the 
whole series. It is worUiy of observation that the middle 
digit — ^the most permanent ray in the divided extremity of 
the appendage in different beings— exceeds the others in 
length in both limbs of man. 

The several points of similitude between the upper and 
lower members, which have been adduced, make obvious the 
fact, that these appendages of the body are constructed on 
the same plan, only minor modifications having been im> 
pressed on the constituents to suit them to the different 
functions the limbs have to perform, — ^in the one instance 
to minister to the wants of the body, and in the other 
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MAN ADAPTBD TO THE ERECT POSTUEE. 

Every part of the bmniui body indicatcfi hy the conforma- LovBr \mh 
tjon its adaptation to the erect position. The feet are broader '"°''* ^*'' 
thnn thoae of any other animAl proportionally to its size ; the 
tarsid and metatUBal bones admit of very little motion ; and 
the great toe is on the aame plane with the others, and can- 
not be brought into opposition with them. The foot la thus 
Stt«d to HUHlain the ireigbt of the body, but not to grasp or 
seize objects presented to it. The hands, on the contrary, 
though so veil adapted for these purposes, are 111 calculated 
for affording support ; so that man is truly " binmnous '' and 
" biped. " *' The tibia rests perpendicularly on the astra- 
galuB, and the os calcia projects backmu-ds for the purpose of 
increasing the base, and also of lengthening the lever to 
which the strong muscles of the calf of the leg are attached. 
The whole extent of the tarsus, metatarsus, and phalanges. 
In man, rests on the ground, which does not obtain even in 
apes, the end of whose os culcia is somewhat raised, so aa to 
form an acute angle with the bones of the leg. In dogs and nondliTtn 
liigitated quadrupeds, the carpus sad tarsus are considerably ^^jjifj^' 
elevated from the grounil, so that the body rests on the toes ; 
and in the horse, and other solid-hoofed animals, the third 
phalanges only rest on the ground, the os calcis being raised 
nearly to the perpendicular direction. 

The femur, placed securely beneath the pelvis, affords a Pnnur 
firm support during progression. The great breadth of the "'•p'^i f™ 
pelvis serves to enlarge the base on which the trunk rests ; support, 
and this is fiirther increased by the length of the cervix 
femoris. This pecuharity in the neck of the femur renders 
it necessary that the body of the bone should be inclined 
inwards towards the median line, in order that it should 
support effectually the centre of gravity. If if« articidar 
head be viewed in profile, it will be observed that the car- 
tilaginous coating is distributed for the most part on the 
upper and inner aspect, showing its adaptation as a pillar of 
support in the erect position. 

The bones of the pelvis in the human bemg are distin- FcItIs 
guishcd from those of other animals by some marked peculi- IVJZj^ 

* Uigae Animal., tcin. i. p. 82. 



MAN ADAPTED TO THE BEKCT POSTURE. '^H 

ftritiea. The Bacnun is remarkably broad and oxpuided, p 
aa to form a, firm sapport for the spinal column, which resli 
upon it ; its lower part is curved and articulated wilh tk , 
coccyx, BO thiit both incline forwards and assist to & 
the pelvic cavity, constituting a support for the viaoera 
pressed down by muscular action. If a dlSerent an 
ment of these bones obtained — if they were continued dovi- I 
wards in a straight lino, thoy would project beyond Ai I 
ischia, and render the sitting posture irksome or impossibk. Ill 

The spinal column, which supports all the other parla, a 
peculiarly adapted to the erect attitade. Its pjratnidal fonn 
and enlarged base fit it to Bustoin the superincumbenl 
weight ; and by means of the diflerent curvatures nbicb il 
prescuta, a considerable range of motion is allowed to iit 
trunk, the centre of gravity being still supported within Iht 
base. The form of the thorax is also peculiar. Shallow ukI 
compressed from before backwards, it is broad and expsndol 
&om side to side ; by which means the preponderuice <d 
the trunk forwards is considerably lessened. The Bteminn, 
thongh broad, is very short, so that a considerable spM* 
intervenes between it and the pubes, which is occu[deJ 
solely by muscular parts, But in quadrupeds, the thorax a 
compressed and flattened laterally, becoming gradually nar- 
rower towards the sternum, which is prominent and twl- 
shaped, whilst the distance from this latter bone to tin 
spine is much greater than that from side to aide. Hi> 
conformation, especially in quadrupeds iu which the clavidei 
are absent, enables the anterior extremities to approach 
closely together, and fall perpendicularly downwards benealli 
the trunk, ho as to give it a steady support. The Ktemvm 
is elongated in these animals, and the ribs pass fi-om tte 
spine to that bone so directly, without any obliquity, tU 
they approach near to the cristie of the ilia, and thanliT 
increase the extent of firm support necessary to suBt&in tiw 
weight of the viscera. Even with these nrlvTiTitagri. the 
muscles of the abdomen would be inadequate to the suppcst 
of its contents, were they not assisted by a Uyer of elaatia 
substance, which is placed over their entire extent, and 
which of itaelf marks the destination of such animals for thf 
prone position, 

The HcapulfB, placed on the supero-posterior part of th« 
trunk, are borne off by the clavicles ; their glenoid caTitiM 
directed forwards and outwards, so that the arms, whioh 
appended to tbem, are fitted to eaji 
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MAK ADAPTBD TO THB BKECT POSTURE. I: 

conaidemble degree of motion in the anterior and posterior 
directions. But in quadmpedti, the gknoiiJ cavities look 
downwards, and are approximated clonely together, so that 
the thoracic IJmbs, which are articulated with them, deaoend 
beneath the forepart of the trunk ; and as the^ are thus 
calculated to support its weight, ihej poaseaa little lateral 
motioD. The glenoid cavity in man ia quite shallow ; ao 
that the globular head of the humerus is merely applied to 
its BurAkCD ; but the acetabulum is a deep cup-like cavity, 
indicating a quite diiferent destination of the two joints. 
The breadth of the articular surfaces of the knee-joint, and 
the peculiar conformation of the ankle-joint, as contraited 
with the elbow and wriat, ore abundantly sufficient to shotr 
that lixity and strength have been designed in the one limb, 
mobility in the other. This difference ia, if possible, more Cootrut 
strongly marked in the conformatiou of the hand and foot ; ii'oTilnd 
the latter, as has been already observed, being intended to sad foot 
Bupi)Drt the body, is placed horizontally beneath the leg ; 
the former is continuous with the line of direction of the 
fore-arm, otherwise it could not be guided with sufficient 
precision to the different objects which it ia intended to seize. 
The tarsal bones are large, firm, and strong ; those of the 
metfttarsua are also thick aud large, and placed all on a level ; 
that which supports the groat too, being the stoutest of all "howi one 
and almost immovable, ranges with the othera. But the "' 
metacarpal bones ore quite difTerently disposed ; that which 
supports the thumb admits of considerable motion in every 
direction, so as to perform a complete ciruumduction, and is 
placod so much out of the level of the others that it can be 
opposed to thou, as in grasping different objecte. The 
hand and foot may be considered as divisible each into two the othsr 
parts, differing in their degrees of mobiUty, via. the digital '''"'■"pP"" 
phalanges, and the group of bones which sustains them. In 
the hand the movable phalanges are aa long as the carpal 
letacarpal bones taken together ; but in the foot, they 
■re not a thinl of the length of the tarsal and metatarsal 
I8»nea. 

No part of the osseous system of man affords more striking Upri^iit 
evidence of his adaptation for the erect pwture than the ["'{^"(^ 
cranium. Besting on the summit of the vertebral column, iho totm- 
the line of its base forms a right angle with that of the " "° 
column itself ; and on this it receives a firm support. The 
eondyles, or points of articulation, are situate very near 
centre of its baae, being, howevei, a litUc nearer to ttsa 
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fits man for Occipital protuberance than to the anterior surface of the 
tSK*^'* jawB ; by this arrangement very little, if any effort is 
required to maintain it in equilihrio. In other JtniwiaU the 
condyles are placed much farther back ; so that, instead of 
resting on the oolimin, the skuU is, as it were, appended to 
its extremity, and is sustained by an elastic substance, 
(ligamentum nuchie,) which is attached on the one hand 
to the spinous processes of the yertebne, and on the 
other to the occipital protuberance. 



THE CONNECTIONS OF THE PIECES OF THE SKELBTON 

ONE WITH ANOTHER. 

ARTTCULATIONS. 

Unioo of The different pieces of the osseous system are connected 

pieces called together, 80 as to form a skeleton, and their modes of 
articulation, union as well as their forms and uses are various. When the 
union is not, as in the cranial bones, immediate, it is effected 
by means of different substances, such as ligament, cartilage, 
fibro-cartilage, and fibrous membrane, yariously arran^ 
and disposed ; so as to permit, in some instances, no per- 
ceptible motion, whilst in others a free and extended range 
is allowed in every direction. Still, all the varieties, how- 
ever numerous, are usually included under the general tena 
"articulation." 
Articula- Classificoiion of Articulations, — ^The articulations are divi- 

daases. <^od into three classes ; viz. the immovable, the moTaUe, 
and the mixed ; the last being intermediate in degree between 
the others. The first form obtains where flat and broad 
bones are united to enclose cavities for the lodgement of im- 
portant organs, as in the cranium and pelvis. In some 
instances the surfaces are indented and reciprocally impacted 
one into the other, so that complete solidity is ensured by 
the structure of the part ; and, as this mode of union occun 
only amongst flat bones, their deficiency in extent of contact 
is compensated by the indentations in their margins. Theiv 
is another set of immovable articulations, in which the sur- 
faces are merely in apposition with one another, yet total 
immobility is secured by what may be termed a mechanical 
contrivance. Thus, though the squamous part of the tem- 
poral bone merely rests against tiie inferior border of the 
parietal, no motion can exist between them, in oonsequenoe 



IMMOVABLE AND MIXED AETICCLATIONS. 



of the mrmnor in whioh tlie petrous portioi 
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All the boaoa of the cranium aotl face, except the Igwerjair, Bj 
aie joined by louDOvable articulation, or eynarthroaia (mi', ^ 
together, afiSpoii, articulaliou), of nhich there nivi several fo 

1. The lirHt is called avlvrt (sutaia, a seam). In the true gt 
nuture the union is eSectad by prominences and indenta- 
tions in th« Goutiguoua margins of the bonea being mutually 
received into one another, ta may be seen in the junction of 
the two parietal with each other, and with the occiptal," 
and frontal houes ; any variotiea that ocour being refcrrible 
to the form of the prominenoee. Thus, when they ore 
tooth-shaped, the suture is termed »u(ura dtniata; if like ii, 
the teeth of a saw, sutum ierrata ; if the adjacent borders « 
ba bevelled off, as where the temporal and parietal bouoi are 
applied to one another, it is colled a squamous suture nt 
(lufurct tipuitnoia). In some parts it may b« observed that *" 
the modes of union and adaptation are alternated, in order to 
increase their power of resistance. Thus, at the superior 
part of the arch of the skull, the frontal overlays the piarietol 
bones, and rests on them ; but inferiorly the revmse takes 
plact, for hero the parietal rests upon the frontal 

When the surfaces are merely placed in apposition with ii 
one another, aa in the superior maxillary bones, the union 
is called fiarmon'ia (apa, to adapt). 

^Vhen a ridge in one bone ia received into a groove iu 
another, the articulation is called sehiitdyUtU (o-j^ivJuXijfTit, & 
a slit or fissure). The rostrum of the sphenoid, and the ' 
descending plate of the ethmoid bone, are joined in this way 
with the vomer. When a conical surface is impacted into a 
cavity, the term gomphoiU (yofi^at, a noil,) is adopted, O 
which may he exemplified by the manner in which the teeth 
are lodged in the alveoli. 
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In the mixed form of articulation, or anphi-aHhrotit (a/i0i Hixad 

nse of afii^, anibo, and apSpov,) the bones arev^{{^ 
mnected by an intermedioto Bubstauce, which allows some I'W'n'*- 
e of motion. Ilie articulations between the bodies of i«rvgnea 



MOVABLE AETICULAT10N8. 

IB tlio TertebrEB, the union nt the pubic sytuphysis, and thtt 
between tho first two bones of the sternum, ore oU constructed 
on this principle. As the sur&ces in these cases are flat and 
Bmooib, they paaseas in themselves uo mechanical ad vantage; 
BO th&t their uaion is maintauied partly by the cartiloget 
interposed between them, &nd partly by ligamestoua aad 
£hious structures disposed round the articulations. ~!^H 






. DtARTaROBIS. ^^^1 

ala. In the movable articulations, or diarthroais (Sia, throng 
apSpov, articulation,} as the surfaces are merely in contact 
with one another, the connection between the parts is main- 
tained by means of ligaments and fibrous membnuien ; for 
1 though cartilages are interposed between their adjacent ex- 
"^ tremities, they do not form a bond of union between them ; 
on the contrary, they are calculated to facilitate motiaii, 
a rather than to restrain it. But the muscles whioh surround 
_ the difierent movable articulations contribute materially io 
retain the articular surfaces in their natural situations, and 
to prevent displacement. This is particularly evident in 
the shoulder-joint, in which the head of the humerus is kept 
in contact with the glenoid cavity of the scapula, not so 
much by the fibrous capsule, which is weak and louse, as by 
the surrounding muscles ; for, if these be weakened by pant- 
lysis, luxation may be readily produced. 

The joints in the eitromitifis are all referrible to the moT- 
iat. able class : so is tliat of the lower jaw with the skull, and of 

the latter with the vertebral column, 
'iba In the greater number of iustauces one of the articular 
surfaces is convex, the other concave ; but each of these 
forms exhibits some varieties of conformation, which are 
marked by particular names. Thus, an articulating snr- 
'^[,u. face, which is rouaded and globular, so as to represent a 
'' segment of a sphere, is called a head ; but If it be elougated, 
the term condytf is used. These are in some cases sup- 
ported by a contracted or thin portion (neck), which connects 
them with the body of the bone. If two condyles bo placed 
in apposition, so as to leave a fossa between them, and con- 
stitute a puUeydike surface, this is termed troMca. When 
plain even surfaces articiilnta, it is not necessary to mark 
them by any particular name i in describing them they are 
referred to generally as articulating surfaces, Some of the 
iirticulating depressions have also received names ta 
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certain peculimities in their couformation. TIiub the supe- 
rior extremity of the ulua, which raceivoa the trochlea of the 
humerus, is colli^il the sigmoid cavity, £rom some roHemblance 
to the Greek lutttr i (atyfut, tiJot, form). Other dejireBaioiiB 
are deiiomiuutud front their greater or lens degree of depth 
or Hhallannees. The deep, cup-sh&ped cavity vrhich receivei 
the head of the femur is called cotyloid (from iidtvXti, a. cup, 
aiid iifloi, form) ; aud the shaUow oval depression to which 
tho hiad of the humerus is applied, receives the name of 
glenoid cavity (fixim y^'irrj, a shallow cavity, and tiSot, form}. 

The varietiea of dtarthrosis are : — 1. EnaTthro$ia ((v, iti, Ennr- 
apSfios, a joint), which in eonunon language is called the '''''°*^- 
" ball-and-BOcket " joint, such as we see in the hip and 
shoulder. In this great freedom of motion is provided for. 

2. Aiikrodia (apSpor, a joint, apa, to adapt) ; which com- Arthrodlfc 
prises joints with a limited motion, as in the case of the 
carpal and tors-il bones, which merely slide for a little way 
upon each other. The articulations between the tubercles 
of the ribs and the transverse processes of the vertebnc, and 
those between the articular processes of the last-named bones, 
also come under this head, 

As the extent and form of the articulating surfaces of KIndi oi 
joints, OS well as their ligamentous connections, vary in °'""™'"''' 
dilTerent iustaivoos, so must their degrees of solidity and 
mobility : and on a review of the whole of the articulations, 
it may be laid down as a general priucipla, that the greater 
their mobility, the leas their solidity ; or, in othvr wcrds, 
that the one is inversely as the other. All tho motions, 
however, which are adnussible in joints may be arranged 
imder four heads, viz. motions of gliding, angular movement 
or opposition, circumduction, and rotation. 

1st. The contiguous surfaces of every movable articula- oudiDg. 
tion nlmit a certuiu degree of gliding motion upon one 
another, so that it way be regarded as common to all ; but 
in some coses it is the only one which takes place, for in- 
stance, hetwecQ the different bones of the carpus and tnrGus. 
We may here observe that some joints admit of all the motions 
here in<licat«d ; some are deprived of rotation, retaining the 
rest ; whilst in others nothing more than a mere gliding 
CM) take place between the surfaci^ ; so thnt a r^ikr 
itiou is estahlihhed in their degrees of mobility between 
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OPPOSITION— CIKCUMDUCTION— DOTATION. 



Anffulftr 
muveniont 



tho most movable and those which are least so. Hk 
ahoulder-joiut admits of the greatest extent and Tarietyof 
movemeDt ; the joints between the carpal and tarsal booei 
are exceedingly limited in those particulars ; and, finally, 
between tho latter and those which are altogether inunovabk, 
an intermediate grade may be traced, of which the pubic 
symphysis presents an example. 

2nd. The angular movement, or opposition, can take 
place only between long bones. If two of these, whidi 
are articulated together at one extremity, be made to move 
either towards or from one another, as from extension to 
flexion, or from adduction to abduction, they include between 
them an angle varying in magnitude according to the extent 
Ginglymus. of the motion. This, in some cases, as in the elbow and 
knee, is confined to flexion and extension, which makes 
them strictly ginglymoid or hinge-joints (ytyy\vfu>s, a hinge) ; 
in others the motion is general, and extends to four opposite 
directions, including each of the points intermediate between 
them, as may be observed in the shoulder, in the hip, and 
the metacarpal joint of the thumb, — all which joints admit 
of a circumduction. 

3rd. The motion of circumduction is performed when the 
shaft of a bone is made to describe a cone, its summit cor- 
responding with the superior articulation, the base being at 
the inferior extremity of the bone. While this motion is 
being executed, the limb passes successively through the 
states of elevation, abduction, depression, adduction, and of 
course through all the intermediate points ; and if a pencO 
be held between the Augers, and its point applied to any 
plain surface, such as a wall, it will trace a circle coirespond- 
ing with the base of a cone, whose summit is at the 
shoulder-joint, and whose side coincides with the line de> 
scribe<l by the out-stretched limb as it traverses the different 
points just enumerated. 

4th. notation diflfers altogether from circumduction. In 
the latter the bone suffers a change of place as it moves 
from one point to another ; in the former, it merely turns 
on its own axis, and therefore retains the same lelative 
situation with respect to the adjacent parts. This move- 
mentj however, admits of three varieties ; in one, it is per- 
formed on a pivot, as in the motion of the atlas on the 
vertebra dentata ; in another there is a sort of compound 
motion, as for instance, in the rotation of the ladius, 
whose upper end moves in its socket without change 
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UIF AND SHODLDER JOINTS COXTBASTED. ISi 

of pUoe, whilst its lower part describes u segment of S 
circle, &ud thoreT'ire clumgea pUcu to n certiiin extent. 
The femitr Euid humerutt also Hdmit of it rotatory motiou ; 
in thu latter, aa the head is closely applied ujiou the shaft, 
the axis of motion nearly coincides with that of the bone ; 
but in the former, in consequence of the length of the neck, 
tad of tho angle whiah it forms with the shaft, the rotation 
b performed round an iaaginary ah is, which may be con- 
ceived to plus from the globular head to the inner coDdyle. 

There are but two articulntious, namely, the hip and the Vuioui 
shoulder joint, in which all the motions of opposition, dr- J|f(|™°'''' 
ciundnction, and mtution con be porforuett. In these a hipud 
convex surface ia applied to one which is concave, the former " 

being hemispherical, which is esaentioUy necessary to such a 
freedom of motion. As joints coustruoted on this principle 
are more liable to displacement than any othent, their 
security is in a great measure provided for by their being 
placed at the upper extremity of the limb, by which they 
are withdrawn from the iufluence of external forces. This 
arrangement is mode subservient not solely to the security 
of tha joint, but also to a very important purpose in the 
functions of the limb. Tor as these free and extended 
niutious ore performed in the highest articulation, their 
effect is communicated to the whole limb, so as to compen- 
sate for the more restricted movemants in the lower joints. 

Though all the motions above mentioned take place in the ThoH joint) 
hip ami shoulder joints, each of them, considered singly, is «"'''"™- 
not performed with equal facility in both. Thus, circum- 
duction is Hzecutod with greater ease in the shoulder than 
ill the kip. Rotation, on the contrary, is more free and 
jwrfect in the latter than in the former. Circumduotian 
ciui bo executed with easu, only when the axis of motion 
coincides (or rery nearly so) with that of the lever to be 
uiovetl, OS is the cose in the humerus ; but in the femur, 
the length of the neck of the bone removes the axis of 
motion considerably Irom that of the shaft, and thereby 
impedes circumduction in proportion as it &oilit>ates the 
rotation of the limb. These differences of structuro in the 
upper joints of the two oittemitiee bear a distinct rela- 
tion to the conformation of their other articulations, and to 
the jiuqioses for which they are adapted. For, as the 
inferior extremity is intended for progression, and to sustuin 
tliu weight of the body the bones of the leg most be 
securely fixed, and ou Uiis aocotmt no pronation or supina- 
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UMITATIOSS TO THESE UOTEMByTS. I 

tian is allowed betwoen the tibia and fibula ; hat, to Ml 
psniiate for this deficienc}', rotation is periiiitt«tt in the b| 
But OS tho superior extremity, on the coutraiy, is fitted | 
the prehension of objects, anil for quick and v&ried nun 
ments, free motion is allowed between the bones of the f(| 
am tbemselTes, and between them and the carpus, in ocj 
that the hand and fingers may be more readily dii«cted « 
appUed to such objects aa are reqnired to be Beiz«d | 
different purposes ; and the power of pronation tuul Ettpii 
tion, thus conferred, more than compensates for ^ 
deficiency in the rotatory motion of the humorua. 

It has been already observed, that rotatory motion t^ 
bone presupposes the existence of a globular head, placeit 
> that its axis shall form an angle with that of the ahl 
*" Wherever this requisite is wanting, motion is confinett 
opposition and circumduction, as occurs in the articalftti^ 
of the thumb with the carpus, of the phalanges with 1 
metacarpal bones, and of the clavicle with the Bt«niil 
In each of these joints, the articulating surface of the ni 
movable bone is placed at its end ; and as the axis t>f fe 
bone coincides with that of motion, rotation is prevenft 
but oirCTunduction and opposition are freely perfbnal 
Should there be limitation in these last movemeuts, it aij 
generally from the accessory ligamcnta rather than fij 
any impediment in the surfaces of the bones ; and ahol 
motion in one directiou be more free than in anotharj 
in the articulationa of the digital phalanges with the 1114 
carpuH, where flexion and extension are more free t^ 
abduction and adduction, it proceeds partly from the a 
dition of the latentl ligaments, and partly from the g^ 
power possessed by the flexor and esLtensor musdea at 
pared with those which perform the other maTomo^ 
But in the knee and elbow though the axis of motj 
coincides with that of the boiiea, yet their movemenj 
confined to two directions, vii. to flexion and extensio 
and in these joints, all other motions besides tho»e jj 
mentioned are prevented by the breadth of the articuUt^ 
surfaces, and by their mode of adaptation ; however, wl| 
they ore flexed, some degree of lateral motion luid; 
dicumductiou can be performed. 
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Fig. 70.* 



LIQAMEKTS OP THE VBaTEBRJi. 



pncULATIONS OF THE TEBTBBRAL COLUMN. 

tfferent pieces of the spine aro coniiected together Uuniiiy 
liBiitj, by fibro- cartilage, and in Bome parta by J^trai'n™'^ 
'membnuies ; the two firat serviug to retain them ™uuij.^i8ii. 
ntuatioD, the last t<} fucihtate motion between the 
bones. The bodies are joined by tvro ligameutous 

ktending the whole length of the chain, anil also by 

Mertobntl substances. 

m anterior common liganienl (fig. 70,') (ligamentiuti ^^^j^"' 

ma vertebrarum commune _ . - . -.«» 

|| k&terior, — Weitbracbt,) is a 

itnd of fibres which is placed 

fmt of the bodiea of the ver- 

jld roaches from the atlas to 

tone of the aacrum, bccoiiiliiy 

ka it descends. It coll!:i.-:t^; of 

{ttal fibres which are iltiliX'.', 

A well marked. The siqu-T- 

(M extend from a given ver- 
the fourth or fifth below it ; 

nbjacent to these passes from 

f of ono to about the third 

^ whilst the deeper ones pass only from one vertebra 

iuit it. The band is thicker towards the middle of 

pa of the rettebrra than at their margins, or over the 

Ebral cartilages ; by which means the transTerse 
i of the bodies are filled np, and the surface of 
tun rendered avou. It may be observed that the »tuob- 
piere more closely to tho margins of the bones than ' 

Ipddle of their bodies, and atill more closely to the 
■ ibnd cartilages. U j>on tho siil«e of the bodies 1ii«nJ 
fibres which are thin and scattered, and reach "*' 
bone to another. 

potttrior common ligament (fig. 71) (ligamentiun Putcriiir 
posterius, sou fascia longitiidinalis postica, — itn^ut ; 
it,) is situate within the spinal canal, and at- id po^Uoa 
the posterior surface of the bodies of the vertfihrsB ; 




il Tortebne and ports of tome ribc teen fram before. 
mDoa UgaiDGat. S. The intor-Tertfltiial mbnoDCC a 
t. 3. The aaleriDr coato-Tirtebralor ilellaM ligamc 
ur inferior Mntu-tnuuveraa Ugaioent, 







AETICnLATIOKS OF THE VEETEBHAI. COLUMir. 

it extends {roiu the occiput to the aacram. It is aatvA, 

Bhiniug, Had bruodnr nt tlie upper tliiui the lower part <xF lit 

BpinB. In the neok it extends all acnm lb 

Fig. 71.* budius, hut in the bock and the loini ii a 

broader opposite the inter-vertebral cartili^ 

thnu opposite the bodies of tht 

that ita marginB preeeut a Beriea of puas 

or dentatiouB with interveaing ooncu* 

spaces. It adheres flrtolf to the BloK- 

cartiLigea had to the contiguous UU] 

the bodies of the vertebne, but 

, Ji separated from the middle of the 

by the traDBverdt) parts of the laivo 

phjxnB, which is iu contact with the boMt. 

Between tha ligament and the prolongatiM, 

of the dura mater which liuus the <»iiiL 

some loose cellular membrane in interposed. 

3. The inter-veriebTa! iuhatance (ligameuta inter-vtfte-. 
bralia, — Weitbr,} is a plate or disc of fibro- cartilage (Eifri 
70,') placed between the bodies of each pnir of Tert«bi% 
from the uds to tho base of the sacrum ; coirespoading ia 
shape to tho parts of the vertebrte between which it il 
: interposed. These discs ore covered anterior); aod poBtaiatl^ 
hy the common li^fanmll 
Fig. 72.t which are intimately adhorwJ 

_ ___ to them ; in the doraol rwDt 

they are connected latenlln 
by short Ugaiueuts, to tbj 
hmula af all the ribs vhtd 
articulate irith two Tert*bnh 
The inter-Tertcbral nh 
>itance is composed of an u 
terual or laminar part ' (fig. 7a 
fomiing alone the cinstuoM 
euce, andof anintenutlMdla 
pulpy part' which Dccu|ii« 
the centre. | 

Tho Uminar part foRM 
ass, and consists of Iti^inaa ci 

" The archuB hsTfl been removed from ihrce lumbnr vertefans b 
sawing Ihrongb their pedjclw. The bodiut remuniug « 
poitcrior BuHace, with the p(»lcrior coumiiD lieuucnt coveriiig tl 

f A lombsr Tsrtebn, with a horiiODtol MCtioa of the 




« than half of the whole n 




AND WITH AXIS. 

articulating proctEttcs of the fiiat vertebra, which are cou- 
uect«d by Ugiuucnta Etud synuvinl membranes ; and partly also tiro v 
by tlio two followiug ligaments. lationt 

The antrrior occtjDtio-otfoiifeaii li//ament (fig-. 78,') (mem- Anwri 
brana annuli aiiterioriH vertebrro primfe) extends from the ['^J?^ 
anterior border of the occipital foramen, between the con- 
dylofi, to the margiu of the atlas between the superior articu- 
lating processes. Thia ia thin, brood, and membranous ; but 
in the median line, a Eort of KCCCSBury ligament' is placed in 
front of it, which ia thick, round, and composed of vertical thlok i 
fibres, ia attached above to the suiface of the basilar prncess, "^ 
and below to tho small tubercle on the front of the atlas. 
The Anterior surface of this ligament is covered by the 
recti autici musclua, the poEterior covera the upper end of 
the odontoid process and its ligaments. 

The posterior oceipiio-atioidean ligament (membroiia annuli PouMt 
posterioris ntlontia) (fig. 79,') ^„7 

alao broad and membranous, Pig. 79.* 

is attached superiorly tt> all 
that part of tho margin of the 
occipital foramen which "^'~ 

behind tho condyles, and ii 
feriorly to the adjacent border i 
of the arch of tho ntlns. 
is partly blended with tho 
dura mater. The posterior 
surface of the b'gament in in 
apposition with tho posterior 
recti and superior oblique 
muscles, the anterior looks 
towards the vertebral canal ', 
at each side, near the articular 

process, the ligament fonua part of the canal through 
which the vertebral artery and aub-ocdpital Derre pus. 

The artictilation of the occipilal bone witK iht axU is Occlpnt 
effected throi^h the medium of ligninents, as no part of their no^^'ir 
surfaces comes into contact ; and as the ligaments are placed ""HBcm ; 
within the vertebral canal, this must lie laid open to jii"titibni 
eibibit them. ""''■ 

The vaipilo-axoidtan ligament (appaniitua liguncntoEOs) AipAmtuB 

* The posterior siiTbcea of the occipital bone, and of three vertefars, 
■je reprCKiited in this figure. 1. Tho posterior «cciiiitO'»ltoiil liga- 
ment. 2. Thepotterioratk-aioid. 





TUE INTEa-VERTEBEAL SDBSTANiat^^B 

airangement seen externally, aad contains mudi vxttd 

Btrueture ia fibro- cartilaginous. ] 

le The pktea of tlie iuter-rortebrol tissue being ■>»jhi 

singly, it will be I 

Fig. 7i.' that each conaiats f<< 

moat part of fibm ed 

ing obliquely between 

vertebr'^, into boa 

which they nn A 

fiieil ; whilst the dinj 

of the fibres varies I 

layer to layer, — ittj 

being from right to ' 

nud in the next tl^ 

verse (fig. 74,"). | 

fibres will be fnuni] f 

nearly horizontal. 

A thin cartilaginous layer covers those Burfaoos ol 

„, vertebra tliat give attachment to the discs, but tfl 

incomplete towards the circumfDreuce. ] 

1 Tht inUr-verlrbral mbitanec in the column fKncral 

. Excluding firom contiidenition the first two vertelnre, betl 

which it does not exist, the inter-Tertobral material forq 

length about a fourth of the movable part of the cmIi 

But it is not equally distributed among the different red 

It Tories in thicknees &om point to point, luid the 4 

dividou of the spine has, comparatively with the lensl 

much smaller proportion, and has accordingly less pnjil 

for pliancy than the cervical or lumbar portions ofi 

column, t ] 

Moreover, the discs are not uniform in their tMcq 

• Two lumbiir lertebrw with the inlBr-Tertabnil inhatanoe aiv- 
from before. Bj rainoviiiif a portion of one l»yer of Ibe latter, aa 
layer is paHly eipowil. and the diflireuco ia the direcbioo of J 
fibres is miulo mimifest. ' 

t In m eluburate work on the jointa and their vanoas mereid 
tha brothers W. and E. Weber bave given vwiou* measumnaaJ 
the imlividoal TcrtebrrF, and the iDterpoaed diics, and have gi^ 
on tbtsm caleulatiuaB of the degree of flexibility or the coluDm {„ j 
eat parta. Id ordei to render their moMurements more exad 
preventing all sepamtion of the parts, they placed a body in plaafl 
Paris, (after having removed suniB of the soft, parta, bnl withootU 
feriag with the liganiente,) and when it voa immovably filed b; • 
meani, a vrrtieaj aection was made through the middle -if tb« uj 
dividing it into two equ:d lateral parl«.— See "Mechaaik darn 
Oetwn-kMii^," B. SD, et wq. OottiugeD, lase. 



JJaAMKNTS OF THE TBBTEBEAL COLUMM. ' 1 

111 the cervical nncl itimbar repouB, which are convex for- InUr-rati 
wiinis, they are thickest in front ; anJ by comparing the ,tauo« 
heights of the fore and back jiarta of the bodies of the verte- f™?" '" 
brie, and comparing in like manner the heights of the iu ciis 
anterior nnd the posterior inargius of the inter-vertebral 'p*"' 
discs, it hivs been deteiminod that the convexity of the 
cervical and lumbar portions of the column is chiefly due to 
the latter Ktruoture, — to it much more than to the bodies of 
the vertebne ; while the arching of the dorsal region waa, 
on the contrary, found to be owing rather to the ahape of 
the bones. 

The arliculaUng procruei of the vertebne ore ooonected Aiticulat 
by irregular fibrous bands (Ugamenta processuum oblique 
mm, — Weitbr.), forming a capsule outside the synovial uectcd. 
membrane which belongs to each of the joints, llie bands 
are longer and more loose in the cervical than in the dorsal 
or lumbar regiona. 

The arches, or plates of the Tertebne, t 
the ligamtnttt tubjiava (fig. 75) (ligomoD 
subflava, — Weitbr.) 
bodies are by the intcr-vertc- 
bruJ libro-cartilagea. These liga- 
ments are nioit distinctly s 
when the pedicles and arches 
are detached f^om the bodies of 
the vertebne, ho that they may 
be viewed from within the 
spinal canal, as in this draw- 
ing (fijj, 75) ; at the posterior 
juspect of the spine they appear 
short, and, as it wi 
l.iid by the arches (fig. 84,'). 

Their attachment eitends from Oieir 91. 

the roots of the articular processes at each side back- m"' > 
wards to the origin of the spinous process. In the middle line 
the ligaments are thickest, where their roar^ns are merely 
in contact. 

ThoBo ligaments consist of yellow elastic fibres, almost cnionr ; 

perpenilicukr in their direction, ns they pass from one arch srmnse' 

Ito that immediately below it. The superior border of the ^b™"' 

^K ' To shov the "llgaiDeiita aubBava," thn pedicln ofthe vertebne 
^MM uved through, and tbe bodies [«Iiiiired. Tbe arches and tlie 
■'proffiwes being left, the ligamenta ore *eea from before, t. e. on the 
aurfiicB wbicb looks towiirdi the Tertebial cand . 
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LIGAMBN TS OF THE VEBTEBRAL COLUICN. 



andaitaeb- 
menta; 



whcro not 
preaent. 



8a|ira- 

•pinous 

ligament 



Inter- 

«pin(ni8 

ligameuta. 



Inter- 
tranaverae. 



ligament is attached, not to the margin of the arch, but 
higher up on it8 anterior surface ; whilst the inferior border 
it inserted into the margin of its corresponding arch, and is 
prolonged a little on the posterior surface. 

The ligamenta subflava do not exist between the occiput 
and the atlas, or between the latter and the axis ; common 
fibrous membrane supplies their place in these two spaces. 

The connection of the spinous processes is effected by 
means of the supra-spinous and inter-spinous ligamenta. 

1. The supra-spinous ligament (ligamenta, queia ajnoes 
committuntur, — Weitbr.) consists of small compressed bundles 
of longitudinal fibres, which connect the summits of the 
spinous processes, and form a continuous chain from the 
seventh cervical vertebra to the spine of the sacnun. (See 
fig. 84, ^) The posterior fibres pass down from a given 
vertebra to the third or fourth below it ; those more deeply 
seated reach only from one to the next, or the seouid 
below it. 

2. The inUr-spinous ligaments (membrana inter-spinalia— 
Weitbr.), thin and rather membranous, have an attachment 
extending from the root to near the summit of each spinous 
process, and connect the inferior border of one wi^ the 
superior border of that next below it. They are best seen 
in the lumbar region, and are least developed in the neck. 

The inter-transverse ligaments (lig. process, transr. 

Weitbr.) are situate between the transverse processes, but their 
condition varies in different regions.^ In the loins tbey axe 
membranous ; in the back, roimded bimdles ; and in the 
neck they may be wanting, or may exist only at the tip of 
the united transverse processes. 



ARTICULATIONS OP THE TWO UPPER VERTEBRuE O^b 

WITH ANOTHER. 



The articulation of the axis with the atlas is effected by 
means of their articulating processes ; also (in the place of 



Atlaa with 
axis ; 
no inter- 

^^hitin^ inter-vertebral substance, which would be altogether incom- 

' patible with the requisite movements) by the odontoid 

peculiar con- pTOcess of the former, which is connected in a particular 

nectionwith 

* In the dorsal region they are united so intimately with the 
aacro-lnmbalis muscle, that their fibres are qnite indistinct ; indeed, 
they appear to be rather appendages to the mnscles than ligaments to 
connect the bones ; and they are so considered by Weitbrecht, Heokel, ■ 
and Soemmerring. 



76," and 77,=) (ligamon- Tmniv. 

Fii;. 76.' 




, of wliich the luTEer' 



AETIOtJLATIOSS OP THB TWO UPPER VKRTEBBS. 

tnantier with the arch of the Intter, aud conatitutos the c 
pivot on which the head tums in ita rotatoty motions. ' 
ThcTo are three ligaments and four ajDOTial membianea in 
this ftrticulation. 

The IransDeran ligament i 
turn transverBale : para 
principalis, — W'eltbr.) la 
phiced transversely behind 
the odontoid process of 
the asii, and forma vrith ^ 
the anterior arch of the 
atlas a ring,' in which 
thiit process is k)dged ; 
it diviilea thu» the great 
foramen of the first ver- 
tebra into two parts of unequal a 

is appropriated to the spinal cord, and thu smaller ' 
occupied in the manner alreadj' stated. 

The ligament is a atrong, thick fasciculus of fibres, ( 
pressed from before backwzirds, 
arched in ibi direction aa it 
crosses the odontoid process, 
and attached on each aide to a 
tubercle below the inner border ^ 
of the superior articulating ' 
process of the atlas. The liga- 
ment is broader and thicker 
at the middle than at the ex- 
tremities ; and from the middle 
of its posterior surface a short thin bimdle of fibres po-sxee 
down to be attached to the body of the axis, whilst another 
passes up to the basilar process. Th'se. appendages (lig, w 
trausv. appendices, — Weitbr.) form a cross with the trans- fi 
verse ligament, and serve to bind the occiput to the first two '" 
Tertebrtt ; from this is derived the term criifiform, which is 
Hometimea applied to the transverse ligament and its ap- 
jHindages together (fig. 77). 

* A tIcv of the atlas from nbore, ghowiog the tmureiBe Ugameut, 
with fmgtaenW oC its appendages. 1. The space for ths odonloid 
lirocess. 3. Tlie transverse ligameat. 3. Spaoe for the spinal cord. 
4.. Aiticular proeenes;— en oBO of thcw • renmant of tbecapanlH 
membrane is seen. 

f A amsll portioa of the sknll, and the 6rst two vmiehne alo shovn 
in this ligare. TLey are viewed from behiDd. The laal: psrti uFthe 
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AKTICDLATIOHS OF TBE RIBS WITH THE TBBTBBR^ 

the rongh oumrticuUtad part of the taberde of the rib. 
Those of the superior ribs aacand, 
those of the inferior descend 
somewhat 

2. The middU or tntcr-OMeoui 
cotto-tranntrte liganitnt (fig. 8fi,*) 
consists of ft senea of very abort 
parallel fibres, which unite the 
neck of tbs rib to the anterior 
Buriftce of the contiguous trans- 
verse process. These fitHTea an 
seen hj remoriog horisontoll; a 
portion of the rib and traaavene 
process, and forcibly drawing the 
one from tite other. 
lonff eotU>-trantttrst ligament (figs. 




Hie anterior < 



Pig. 8B.t 




70, 84,') (lig, tranBTeTsarium intemnin, seu cervicis 

• A few donsl TCrtahrs, snd ribs connected with them, are seen 
from behind. 1, 2, are on the lamina of vertebra, close fo Ihu inter- 
■pinoui ligsmenlfl. 3, in one of seienl ligamenta EUbflava repre- 
Sented in Uie figare. They are bat sligbtlj seen, being fur the most 
part covered hj the plalee of the vertebra : see figure 75. 4. The 
anterior coslo-tracsTerse ligament. S, The posterior costo-transvotoe 
ligament. 

i- A horixontal Mction of a vertebra aod portions of two Hba, to 
ihoT the iater-oneous ligament connecting the neck of the rib to the 
tranrverBe prooeu of Uie vertebra on each aide. 1. The rib. 2. 
TraosTerse process. 8. Lig. copit, coetK. 6. Poalerior coeto-transTerBe 
. ligunent. 6. InterMMseoiu or middle costo-trsnsTetae ligament 



AND WITH THE STEEXCM. 

coatcB iutcmum, — Weitbr.) is usually divided into two 
fasciculi of fibroB, both nearly in apiKmition, and on the 
same j.lane, Tliey ptuw from thu neck of the rib obliquely 
upwuniB aiid oulwiirds to the lower ttuirgiu of the tmaaverio [■ 
proceB* iiyxt above it. By the outer tnjirgin the ligament is ^ 
uoutiimcius with a thin fibrous mombrBnc occupying the in- 
tenal between the ribs. This lignnioiit does uot exist in ■ 
the Hrticulation of the first rib. ' 

Tlie articulation betweeu tho tubercle of the rib and the ' 
trauBverse process is provided with a rynovial tat, except in ' 
the case of the two lowest ribs. 

L-. The Hisiu-rifnioi aTticMialion», situate between the » 
sJitt-riur angular oxtromi- 

Tm. 80.* 
le corre- 
sponding foBEUO in the 
margins of tho sternum, 
are covered and supported 
by, a, an anterior set of 
ligamentous fibn^s (fig. 
8(i, ), thin, scatttireil, and 
radiated (ligameiita radi- 
atim diBiccttt,— Weitbr.), 
passing from tlie extremity 

of the cartilage to the anterior Burface of tlie gtemiun, where 
they interlace witli thoae of the opposite side, and are blended 
nitli the aponeurosis of the pectoralis major muscle ; h, a 
posterior set of fibres similarly disposed, but not so thick or 
numerous, connecting the thoracic surfaces of the same parts ; 
c, nome ligamentous fibres placed above and others below the 
joint ; d, a synoirxal membrane, interposed between the end of g 
the cartilage of each true rib and the sternum : this last " 
cau bo demonstrated by slicing off a little of the anterior 
suriace of the sternum and cartilage. 

A thin fasciculus of fibres connects the cartilage of the C 
seventh rib (and it may be, likewise, of tlie sixth) with the ' 
xiphoid cartilage, and is theuce called the toilo-ziphoid 
lijiament. 

AHicu-latUin of the (uHUaga one tcith anothtr. — The c 

t- 

* A portion of tlie stsraain vitb Iho tniur end* of th« cUticIcs, ud 
III some at (hu riU, is h«rc reprtsunted. 

1. The aDteriur iterno-clavicular ligameat. 2. lotcr-cUvicular. 
i, CobIo -clavicular or riiumbuid. 4. luUc-uUcular Sbto-carlilage. 
6, CoMo-Hcmal ligamEnt. 
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ARTICULATIONS OP TUB UPPER BXTRBMITY. 



Rib with 
its cartilage 



Articola- 
tiona of 
atemum 
byoarUlagv. 



and bands 
before and 
behind. 



contiguous edges of the cartilages of the ribs, from the 
sixth to the ninth, have articular surfaces, which are lined 
by synovial membranes, and held in connection by liga- 
mentous fibres. Some of the articular surfaces are from 
time to time found to be wanting. 

Connection of the ribs wOh tlieir cartilages. — ^The external 
extremities of the cartilages are receiyed into rounded 
depressions on the ends of the ribs, and the union receiyes 
support from the periosteum. 

Ligaments of the sternum (membrana stemi, — ^Weitbr.) — 
The two pieces of the sternum are united by a layer of carti- 
lage, placed between their contiguous borders ; and, on the 
anterior and posterior surfaces ligamentous fibres may be 
observed running longitudinally, which serve to strengthen 
their connection: these are sometimes called the anterior 
and posterior sternal ligaments. The longitudinal fibres are 
mixed <with those radiating from the costal cartilages, 
especially in front of the sternum, where likewise they 
blend with the aponeuroses of the pectoral muscles. The 
anterior portion has thus most accessory fibres, and is rough 
and irregular ; the posterior one is smooth and pearly in 
its aspect. 



Arran^pe- 
ment of 
the articu< 
lationa. 



ARTICULATIONS OF THE UPPER EXTREMITY. 

The scapular arch and the upper limb have but one point 
of attachment to the trunk, namely, that at the sterno- 
clavicular articulation, — the scapula being connected with 
the trunk only by muscles. 

The several articulations of these parts may be arranged 
under the following heads, taking them in their anatomical 
order, from above downwards : 1, the articulations of the 
clavicle at one end with the sternum, and at the other end 
with the scapula ; 2, those of the scapula and the humerus ; 
3, of the elbow ; 4, of the radius and ulna ; 5, of the wrist ; 
6, of the metacarpus ; 7, of the fingers. 



Clavicular 
articula- 
tions. 



ARTICULATION OF THE CLAVICLE WITH THE TRUNK AND 

THE SCAPULA. 

The clavicle articulates by its inner end with the first bone 
of the sternum, and is there connected by ligaments to its 
fellow of the opposite side and to the first rib. The outer 
end of the bone is joined with the scapula. 



AETICnLATIONB OF CLAVICLE WITH TEUMK. 

Sicrno-dai'iatlar artitniialion. — The articulnr Burfiica of CI 
the inner ond of the claviole ia conBiilerablj lu^er tbnn that „^ 
of the uteniiim, and both are somewhat concave and convex. 
The other stnictures of which the joint consists are, an 
anterior and a posterior lifjament, an inter-artiuulor fibro- 
cai'tiliLge, and two Bjnovial membranes, 

The I'liltrior aterno-davicuUir tiffament (lig. 86,') passes s; 
from the iiuier extremity of the clavicle, downWMils and J, 
inwards, upon the surface of the sternum. It is brood, " 
and consist^ of parallel fibres ; it corresponds, internally, 
with the synovial membranes of the articuktioD, and with 
the inter- articular fibro-cartilags, to which it is adherent ; 
externally, with the sternal origin of the storno- mastoid 
muscle. 

The ponUrior itemo-clavkvlar ligament, of similaT con- j>c 
fnriuation with the last, but not so broad or strongly marked, 
is placed between the same bones, lying at the thoracic 
aspeut of the joint. Its posterior surface is in relation with 
the stern u-hyoideus and sterno-thyroidoaa munoles. 

Tho xHtfr-artieftlar fibro-catlilage,' nearly circular in ita in 
form, and thicker at the border than at the centre, is inter- ^ 
posed between the articulating surfaces of the sternum and 
clavicle. Towards its upper port it b attached to the sur- e, 
fnce of the clavicle, and at the opposite point to the cartilage ^ 
of the first rib. In the latter situation it is thin and some- 
what prolonged, so that the inferior border of the clavicle 
rests upon it. 

Synodal membranci. — In this articulation, as in that of Ti 
the lower jaw, there are two synovial membranes ; of which '' 
one belongs to the sternal end of the clavicle and the 
adjacent surface of the fibro-cartilage ; the other is disposed 
between the cartilage and the articulating surface of the 
iStemum. 

The iiiter-riaincMlar ligament^ is a dense fasciculus of In 
fibres, between the contiguous extremities of the clavicles. J^' 
I ts fibres do not pass directly across from the one bone to 
the other ; they dip do»Ti, aud ore attached to the upper 
margin of the sternum, so that the ligament is rendered con- 
cave from side to side. 

The coito-davicular tigamenl * (ligamentum rhoraboides, — cl 
Weitbr.) does not properly form part of the articulation ; )^{ 
yet it contributes materially to retain the claviclo in its ^ 
situation. It is attached inforiorly to tho cartilage of the 
first rib near its sternal end, and passes obliquely backwards 



AiTlCULATIOK OF CLAVICLB WfTH SCAPDl^ 

and Tipwardk, to be fixed to a tubercle at the under aorbce 
of the clavicle near the Btemal end. 

CotMteticn of the elavieU viith tht teapvia At ita onter 

end the clavicle artieulatee directly with the acromion, and 
)■ oouneeted hj ligamentooa fibrei with the coiscoid procen. 
The OftTomio-^aviculaT ariieiulalion is effected between the 
acromion procev of the acapnia 
ng. ST.* and the extenud end of the cUvi- 

cle, each of which preeanta a email 
oval articular nuface. Theae Bar- 
gees are connected, Ist, b; a 
tuptrior li^mtnt (fig. 87,'), vhich 
ia a thick, broad band of fibree, 
paaidng from the auperior auiface 
of the acromion to the adjacent 
extremity of the clavicle ; Sudly, 
hy an iT^enor ligammt ninnili^r to 
the preceding, but lesa thick, and 
[daced at the nnder aorfacea of tite 
lame bonea ; Srdly, by a synovial 
membrane for the articular snifaoea 
of the bones. 

An uiUr-arivMlaT J3yro-iMTi^agt ia sometimes preaent, fant 

it ia more frequently wanting.f It has, in seme inatancea, 

' been found to extend through part of the joint, ao as only 

partly to separate the bones ; % but in other inatancea the 

fibro-cartilnge is as distinct in this joint as it ia in the tem- 

- poro-maxillary articulation ; the last condition, however, i« 




A tynoviol membrane lines the ligaments, and covexn the 
articular surfacea of the bones in the usual manner. When 
there ia an inter-articular cartilage which separatea the 
bones completely, there aro two narrow aynovial aaca, dis- 

• The Kapnla of the rigbt side (ita inner or conrare Barfaoe) is here 
■Iiown in coanectioa with a cODiiderablfl part of tbe claiide and tiu 
upper end of the bameiui. Tbe tenilon oT the biceps muscle bangs 
Orer Maia ; bat tbe capenle most have been cot tbrongb, to expose it so 

1. Acromio-cIsTicnlar ligament. 2. Coracs-clsiiculur (conoid and 
trapeioid). 3. Lig. propriom po«teriiu (Bcapultt). 4. Lig. 
soter. fi. Capsular ligament. 6, Cocaco-bumenil. 

t "Idihivii -ma, alleraue Tice innenire oontigit, etiamsi 
itadiose qoaeuoenm." — Weitbrecht, " Sjodesmologin," p. IT. 



atndiose qoaeuoenm." — Weitbrecht, -b; 

t Uoaro, "The Anstornr of the Human iJones," &c. 
p. 173 ; Md Wcitbrecht, Op. cit p. 17, and tab. i. fig. 4. 
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posed in the same way as those in the stemo-clavicular 
articulation. 

The coraco-davicular ligament (fig. 87,^, which connects Ooraoo-d*- 
the clavicle with the cofacoid process of the scapula, presents u^^Qt ; 
two parts, each known ISy a particular name. There is, 
however, little division between them ; the chief distinctioD 
being that each has a different form and direction. 

The coivoid ligamenty which is the posterior or internal oonold 
fasciculus, broad above, narrow below, is attached inferiorly **"* * 
to the inner part of the root of the coracoid process ; supe- 
riorly to a tubercle at the inferior surface of the clavicle, 
towards the outer end ; its fibres are directed backwards and 
upwards. The trapezoid ligament — the anterior or external trapesold 
fasciculus — pfl^es upwards from the inner border of the P*^ 
coracoid process, to an oblique line extending outwards from 
the tubercle into which the conoid ligament is inserted ; 
with the latter H unites behind at an angle, one of its aspects 
being directed forwards and upwards, tiie other downwards 
and backwards. 

Ligaments of the scap'ula. — There are two special ligaments Proper 
for the scapula : 1. The coracoid ligament ' (ligamentnm JJj^|^?* 
proprium posterius) is a thin flat band of fibres, attached by posterior 
its extremities to the opposite margins of the notch at the *°^^* 
root of the coracoid process, which it thus converts into a oonTorti 
foramen for the transmission of the supra-scapular nerve, the f(^^|^en • 
artery most commonly passing external to it. 2. The caraco- anterior 
acromial ligament* (ligamentum proprium anterius) is aJj^J^Di, 
broad, firm, triangular fasciculus, attached by its broader triAugular. 
extremity to the outer edge of the coracoid process, and by 
the narrower to the tip of the acromion, between which it is 
stretched almost horizontally. Its inferior surface looks 
downwards upon the shoulder-joint, the superior is covered 
by the deltoid muscle. 

THE SHOULDER-JOINT. 

The globular head of the humerus and the glenoid cavity Bones in the 
of the scapula are the osseous parts which compose this^*^^ 
articulation (scapido-hum^ral). As the head of the humerus 
is large and prominent, whilst the cavity is merely a super- 
ficial depression, it is evident that it must be retained in its ' 
situation not by any mechanical contrivance, but by the 
muscles which are attached to the two tuberosities of the 
humerus. 




THE SHOFLDEK-JOINT. 

The captvlar lu/amcnl (fig. 87,') is filed superiorljr rt 
the margin of the gleuoid c-vvity, and iuferiorly nmai 
neck of the bumerua, or rather a little beyond Uiii, I 
more ho on the lower thaji the upper part of the bono, < 
muoh Btrongerin the latter than in' the former aittuUioii ;' 
ita laxity is Buch, that, if the mitseular conneoUoiiB (4 
humerus he detached, thin bone drops awtiy frum the ^ 
cavity. The superior and outer part of this mcnabn^ 
covered and strengthened by a. bundle of fibre*,* pi4 
outwards and forwards from the coracoid process to the i 
tuberosity of the humeniB (coraco-htimtral Ugatnenf). B«| 
this, it receives additions from the thick tondons of 
supra and infra spiuatus, and the teres minor musdea, 'M 

I are intimately connected with it, as they pass over \ 
reach the great tuberosities of the humerus. By mcH^ 
these accessory stnictuTet the superior part of tho CApari 
thick uid firm, while the inferior is comparatively tldn; 
weak. At the inner side the ligamentous fibres of thai 
Bule are wanting for a small space ; and here the upper! 

ir of the tendon of the subscapularis muscle comes into oat 

' with the synovial membrane, which projects throo^ 
opening (foramen ovale). The fibrous capsule is lined Iq 
synovial membrane. The eitemal surface w cavered b^ 
deltoid, in addition to the muscles already mentioiied a 
feriorly, it is in relation with the long head of the trioefN 

r the circumflex vessels. The insertion of its inferior bo(ri| 
interruptotl to giro passage to tho long tendon of tho fal 
muscle. J 

The cnrnro-himtral, or accessory ligament,' abovo noti 
ojctends obliquely over the tipper and outer part oP 
articulation ; it is attached to the root of the ooraooid \ 
cess, and thence descends, intimately connected with' 
capsule, to tho greater tuberosity of the humeniH. | 

The glenoid ligament is a firm fibrous band, about ' 

, lines deep, which is fixed to the edge of the glenoid f^ 

I" and, by elevating the border of the cavity, render* 1 

little deeper. Some of its fibres are derived from i 

tendon of the long head of the biceps muscle, where tli^ 

fixed into the upper part of tho glenoid fossa. i 

The lynovitU mrmtirane is reflected from the circiunfen 

' of the glenoid cavity, and so reaches the inner auifaoa 
the fibrous capsule ; ou this it is prolonged as far «■ ; 
neck of the humerus, where it separates from the « 
and is lost upon the articular surface of the li 



• i>«ijM 



THB BLBOWJOINT. 207 

bone. Viewed in this wny, it apjJOttTB a shut gac ; and each 
it would be but for the peculiar rehition of the long tendon 
of thu biceps muscle to the shoulder- joint. The tendon hu stubs 
lies in the centre of the joint ; but it is enclosed in e. ofiiiatat. 
tubular sheath, fonned by an offset or process of tha 
aynovinl membmne, which is reflected upon it nhere it ia 
about to pass through the fibrous capsule, and is thenoa 
continued up to the summit of the glenoid cavity. By this 
provision the integrity of the membrane is preserved. 

On the outer surface of the muscles covering the top of 8yn<nt^ 
the joint is a considerable buria mMeoxa, by means of which sidejoiiiu" 
the contiguous surfaces of the coracoid and acromion processes, 
and of the coraeo-acrominl ligameut and deltoid muscle arc 
lubricated, so as to faciUtate the movements of the subjacent 
head of tha humerus. 



THE BLBOW-JOINT. 

Tho lower extremity of the humerus is connected with Articnisr 
the ulna aud radius at the elbow, and forms with them a '"">"*; 
hiuge-jiiint. Tho sigmoid cavity of the ulna articulates with kiDd of 
the trochlea of the humerus, so as to admit of flexion and ■"""'"'"''- 
extension only ; while the cup-shaped depresaiou on the 
head of the radius is fitted to turn freely on the rounded 
tubercle opposite it. The bones are connected by four 
ligaments with a synovial membrane. 

The inUriial latfral ligament (fig. 88,'), composed ofiniemai 
diverging and radiated fibres, presents two [larts, each with SJ^^qi 
a iliffereut aspect, one looking obliquely forwards, the other ^tri. 
backwards, Tho anterior part is attached above, where it is [V'^lj'.L 
narrow and pointed, to the front of the internal condyle of menu, 
the humerus ; itJ) fibres, as they descend, diverge from one 
another, and are inserted into the coronoid process, along 
the inner margin of the sigmoid cavity. The posterior put, 
of the some form (triangular), passes from the under and 
back part of the same iiroocsa of bone downwards to tha 
inner border of the olecranon ; and some fibres ore connected 






small transverse band over the notch, between the 






olecranon aud the coronoid process, which transmits vessels. ' 

The externa^ lattral tiyamcrd (fig. 89,'), shorter and much exIuhbI 
narrower than the internal, is attached superiorly to the ^^'^^||«'- 
external condyle of the humerus, and inferiorly becomes inched to 
bleniled with the annular ligament of the radius ; some of ^^^^ 
its hinder fibres are prolonged to the external margin of the nnd the 



TUB ELBOWJOIKT. 

ulna. It is inttmateiy connected with the tondinoiu aitsA 
nient of tie exteuBor mutclos ; on which account, via 
dissected, it presents s. jagged irrogulu' appeai^noeb n 




The anterior lujanunt ffig. 88,') is a broad tliin memlnu 
plaoDd in front of the joint, extending from the front of ll 
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humerus downwards to the anterior part of the coronoid 
process, and to the annular ligament of the radius. Some 
of its fibres are directed obliquely downwards and outwards, 
others are vertical It is continuous at each side with the 
two preceding ligaments. 

The posterior ligament^ (fig. 89,^) loose and weak, consists posterior 
of fibres proceeding in different directions ; thus some pass ."^;V"®"V 
transversely between the opposite margins of the fossa which aud Ioom. 
receives the top of the olecranon ; whilst others, subjacent 
to these, but not very well marked, pass vertically from the 
upx>er concave margin of that fossa to the extremity of the 
olecranon. 

Though these structures are described as separate liga- The lini- 
ments, it will be found, on examination, that they form a me"taare 

' ' . . ^ all cuuttiiu- 

continuous membrane placed roimd the joint, as fibrous cap- ou8 one with 
sules usually are ; but in consequence of the irregularity *'^*>^'*®'- 
of the surfaces to which they are attached, they have the 
appearance of distinct ligaments passing from one point of 
bone to another. 

The sy^wi^ial membrane of the elbow-joint is prolonged synnvial 
from the articular extremity of the humerus, a little on the i"«"*l>»'*»^«. 
anterior surface of that bone, as far as the attachment of 
the anterior ligament, where it is reflected, and applied to 
the internal surface of that ligament, lining it as far as 
the lower insertion. At that point the synovial mem- 
brane leaves the fibrous one, and, guided by the radius and 
ulna, comes into apposition with the iwsterior ligament, by 
which it is conveyed to the extremity of the humerus. 
Besides these reflections, the membrane forms a large pouch, extends 
which is prolonged into the joint between the small sigmoid J^JJ'®®'^ ^ 
cavity of the ulna and the head of the radius, as well as ulna, and 
between the annular ligament and the contiguous surface of OTbicuUr 
the head and neck of the radius. ligament. 

When the joint has been laid open, and fully extended, it o«eooa 
will appear that the head of the radius is not in contact with «i»^*"«- 
the rounded articulating process of the humerus. On which 

ment. 2. The external lateral. 3. The anterior. 4. points to the 
posterior. 5. Orbicular ligament of the radius. 6. Inter-osseous mem- 
brane. 7. Round ligament, b. Internal lateral ligament of the wrist. 
9. Kxternal of the same. 10. Anterior. 11. Posterior. 12. Palmar, 
and 13, dorsal carpo-metacarpal ligaments. 14. Ligaments connecting 
metacarpal bones. 15. Transverse metacarpal ligament. 16. Carpo^ 
metacarpal ligament of thumb (capsular). 17. Lateral ligaments 
connecting the phalangal to the metacarpal bones. 18. Lateral 
ligaments of phalanges. 

VOL. I. P 



EADIO-ULSAR AETICULATIOSS, 



4 



account, in the eibeudod state uf the Utnli, the rotabi* 
motions of tlie radius are performed with much lexa ease Sm 
in that of fleiion, from its wanting support at the ajr* 
nnd. The part of tha humerua hore referreU to ia moreoM 
covnrBd with cartilage ouly on its anterior aspect, iodicatiif 
thiit tho raiiiuB moves on it only when the limb m m 
fl«xod position. 



lb t>»d| 



Fig- 90.' 



The head of the radius articulates with tho small 4 
cavity of the ulua, on which i 
when it is made to ttirii on its ui> i 
These suifacea arc covered with CB* ' 
tilage, and provided with th« synoviil' 
membrane of the elbow-ji)int. lir^- 
radius is cunneoted to the uliu by MJ 
annular Ugnmeot. 




The . 









(ligomeutumorbiculare radii, — Weitb.y 
(tigs. 88, 89,') is a Htrotig htnA (f 
circular fibres, which, by being atti^a^ 
t^i the borders of the small sigiBOM 
cavity, forms a. ring (flg. 90,*) enai^ 
cling the head of the Todius, and biod^ 
ing it firmly in its situatdoo. Tw 
external surface is connected witli Ita 
exterual latural ligament of the albo*|i 
whose fibres are inscrteil i 
and is lined by the syuoriul membr 




iutamal is smooth, 
of the elbow-juiut. 



The interval between the radius and ulua 
is owujiied by an inter-osseous ligament and a 
which serve to connect them together, aud fonu what I 
called the middle radio-ulnar articidation. ] 

The inlvr-oueoui mtmbrane (figs. 88, 89,') (membrmia inUOl 
ossea) is a thin, flat, fibrous membrane, the direotion d 

* The npper end ofthe olns, with the erbieulur ligament ffar oJ 
l>ea<1orther>iliiu. 1. OleomngB, 3. ContiKud pnwew. 
ligamiuit. 



EADlO-DUfAB AETICULATIONS. 



an 



whose fibres is for the moat part obliquely downwuds and direction of 
Luwarda, from the imier uharp border of the radius to uot^'n^' 
the contiguous oue of the ulna. It does not reach the whole "i')'"' ""^ 
laugth of the bones, as it ooumiences about an inch below the 
tubercle of the rajiiiia. The Burfaces of this mombrsLuejireiii- 
timatelj connected with the deep-seated musoles of the fore- 
arm, serving to increase their points of origin as well as to 
oonoect the bouea. Abore the lower margin there is lui p^unmen For 
Openiug for the tranamisMon of the anterior inter-osaeoua '"'*'■)*■ 
vossols to the back of the fore-arm ; and the posterior iiitor- 
osseous veaai^U pass ba^ikwards in the apace above the mem- 
brane (hiatus intcrosseiia). Some Binoll bnncllea of fibres, inni,,, i„. 
having the same direction aa the round ligament described wiw""*- 
below, are often to be found at intervals on the posterior 
surface of the inter-osseous membrane.* 

The ro'ind ligameul (ligamentum teres, v. chorda trans- Rmmd Ugu- 
versalis, — Weitbr.) (fig. 88,') in some maaaure supplies the ™™'' 
deficiency left by the iuter-osseous ligament at the upper bigiior thu 
part of the fore-ana. It is a thin, narrow finacieulus of fibres iiJi'^'^^^. 
eitending obliquely downwards and outwards from the brauo; 
coronoid process, to bo attached to the radius about half 
an inch below the tubercle, The direction of the fibres is diroctiou 
therefore altogether diflerent from that of the fibres of the '"'"'""''■ 
interosseous ligament. 



AhTlODUTION. 

At the lower or carpal extremities of the radius and IinQ» in il 
oina, the former rotates on the latter as its point of sapport, i"^^ 
the artioulatiug surface of the radius being concave, that of 
the ulna convex. The bones are connected anteriorly and aadlLgu- 
posteriorly by some fibres passing between their extremities, ""' 
so thin and scattered as scarcely to admit or require Uescrip- 
tioa -, but intorually they are joined by a fibro-cartilage with 
a synovial membrsiio. 

The fibro'caitilaye (cnrtilago intermedia triangularis, — TriungiiUr 
Wcitbr), IrUiiujular in form, and thick, is placed trans- fj^flJI^" 
veraely between the bones (fig. 91,°). It is attached by its lobuiioint 
base to a ridge separating the carpal from the ulnar ^ptx i 
articulating surface of the radius ; and by its apux to a 
depression at the root of the styloid process of the ulna, and 
to the side of that process. The upper sur&oe of the fibro- 

' Weitbreobt, 0|). dtat., p. 31, and fig. 11 




The t^nocial metnira 



THE WRISTJOINT. 

cartilnge looks towards the hewl of the ulna, the lower to 
the ouiieiform bune ; both are smooth, imd lined by syno™! 
membraiiB ; — the inferior cm 
Fijt. Bl.* by the large nembnine of Ik 

wrist-joint, the Btiperior bj » 
Hinall aao belonging to tit I 
radio-uhiar articulation. la 
two imrderg are counecteil Wl 
the ligHiuenlB of the wrist IWi 
in occMionallj a perforatioD i- 
the middle of the fibro-afli' 
lage. ks the radius rolls on it> 
ulua, this cartilage is culiji' 
-vi'itb it, and fonnft ite liid 
bond of union with the UM 

c is frequently called mfntbnw 
:ciformit, though there is nothiiig in its c^iikfomuliai 
cept, perhaps, its looseness, which distinguishes it ErV 
other synovial sacs. It may be considered as preaentl^ 
two partB, one projecting perpendicularly upwards into tb 
articulation of the radius and ulna ; the other plaaed 
horizontally between the head of the ulaa ajid the ooire 
Bponding surface of the fibro-cartUage ; both, however, at 
parts of a continuous membraue. This " saccifom' 
synovial membrane is continuouH with that of the wri*- 
joint, whuu the triangular fibro-cartilago, being porfontnJ, 
is insufficient to form a complete barrier between the Iv* 
meinhniaos. 

THE WELST-JOINT. 

This articulation (radio-carpaJ) is formed ahove by tkt 
radius and the triangular £bro-cartilago, and bulow by lb 
finri three bones of the carpus. The articiUar ports of the 
first two, when viewed in the fresh state, present an onl 
and slightly concave Biufaco, whose greatest hreadtii ■ 
from side to siile. The i^urface of the radius la divided into 

* The lower ends of Ibe nuliua. and ulna, with the tiiangolar fibM- 
MTtiUgeinuuiMtiiig llimu. 1. Ulna ; S, its styloid proceu. 3. n^diM. 
4, !ti artienlar inriaee Tor the BCaplioid bone, and 6. lluit fur the atml- 
hiBar. 0. Tlie triauguhr Gbri)-i?arti!age ; iU lower sarrwe, A piaM 
nf wfaalehnni! I*) hut been pused bolween iti upper aurrac* tad U« 
bead of tlie ulna. 



^ 
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twu partH Hy a, line eitendiag from before backimrdB ; bo tliat 
theso, togecber with tlie cartilage, pceaent tUroa articular 
surfaces, otio for each carpal bone. The scaphoid, wmi- 
liuiar, auil ctineifonn bones are articukted together, so as 
to foiin a rniinded convex surb^e, which is received into 
the oou cavity above described. Four ligameuta and a 
synovial membrane retain these parts in their mtuatiou, aa 
follow :— 

Thu inkriiid lateral ligament (figs. 88, 89,") passes Intc.iwl 
dirurtty downwardB from the extremity of the styloid '^^ "••'''' 
process of the ulna, to be attached to the cuneiform bone; 
it also seuds some fibres to the anterior annular ligament 
and the pisiform bone. Its form is that of a rounded cord ; 
its inner siirGice is in ooutact with the synovial mambrwie 
of the radiu-eurpnl articulation. 

The eiteriutl JalrrtU Ugamrnt' exteticU from the styloid Entonwi 
proceHs of the radius to a rough surface on the outer side of i||[^^Bt. 
the scaphoid bone, some of its fibres being prolonged to the 
trapezium, and also to the annular ligament of the wrist. 

The an (frier tiyameiit,'" (radui-carjial,) broad and mem- Aniarior 
branous, is attached to the rough border of the carpal ''k""""' 
ortremity of the radius, and to the base of its styloid 
proc&is ; from which its fibres pass down to be inserted 
into the anterior surface of the scaphoid, semi<lunar, and 
cuneiform bones. It is pierced by several foramina for the 
trauiimiiuiou of vessels : one of its surfaces is lined by the 
synovial uiumbraue of the joint, the other is in contact 
with the tendons of the flexor muRcles. 

The posttrioT UgamrtU'^ extends obliquely downwards Pnterinr 
and inwards, from the extremity of the radius, to the "k*™""!. 
posterior surface of the first row of the oarpal boqes ; 
its fibres appear to be prolonged for some way on those 
Iwnes. One surface is in contact with the synovial mem- 
brane, the other with the extensor tendons. Both the 
anterior and posterior ligaments are connected to the si les 
of the triutigular fibro-cortil^je which binds the radius to 
the idna. The whole of the preceding ligaments are Aiinrccxu- 
continued into each other around the wriat-joint without i|.|','j™ "^ 
interruption. uuthBr. 

The syiwvial membrane b reflected from the radius and HfuoviiJ 
the triauguliu- fibro-cartilage, on the surrounding ligaments, "'- 
to the carpal bones. 



AltTICDLATIONS OF THE CARPAL BONES. 



ARTirCUTIONR t 



I o!*B wrm 






SSS^B 



^ The bouea of t^B carpus coDstitute twQ Rets, tho«« 
Bat beiug unitml by Bpecial ligamentB, po ae to foim 
tmd the two rows, connected by fibrous bands togHbcT' 
a synovial munibraiie, fonn between tliem a joint. 
The uniting Btructures proiier to tho firat ro% 
OBseous bands, and ligiuuenta placed on the dorKU anil [adsi 
BUifaces. 

Tile inier-oaseoHa ligaments are placed on tho sidos of th 
Eemi-lunai tone, one conuecting it witb the scajibvUil, id 
the other with the cuoeifonn bone. Their free aiirCwM m 
smooth, aud covered by synovial membrane. 

The palmar ligamenU are two, one exteniliug bout ^ 

ecajihoid bone to the senii-lujuvr, the other from Urn aem 

lun&r to the ouneifonn, thuirdirsctioD being tratisveraek T^ 

dornal liijatntnta are also two, diiiix»ml similarly, and W» 

necting the xame lioaes un their poalerior aurfACtia. 

an The pisifoi'm bone Btands out of the range, and resbra 

' the palmar Hiirface of the cuneifonu, with which it is utici- 

d lated by an irregular jibrimt c<ipa»k and a tijuoriai M» 

fcrnji*. There are likewise two strong ligameute, by » 

which the boue is connected to the unciform, aiid by the 

to the fifth motaoarpal boue. 

The carpal Itones of the second range are obto conned*! 

''' by similar meaua. There are three doraal and three pabtf 

1 ligamente, one of each kind passing transversely belWH 

each two ooutiguouB bones. There are inter-oeiteoiis h«n3> 

between the adjacent osseous surfaces ; and tlut bot««a 

the trapeEium and the os trapezoides is the least strong. 

to The ligaments which connect the npper to the iof* 

"' row of bones are situate at the palmar, dorsal, nad iMtOil 

aspects. 

The laUral lignments are placed one at the radial, the otlw 

' at the ulnar border of the corpus ; the former conneota Ot 

scaphoid bone with the trapezium, the latter the cuneiton 

with the unciform. 

d The jialmar or anterior hganieut consiiits of fibres, wbidi 

pass obliquely from the bones of the first to those of tlw 

second range. The doraitl, or posterior, is similar in struotim 

and arrangement. 

Ub Form of Iht joint. — It may be obsenfed, that the fini 

range of carpal bones forms a concavity ; tho second, fat- 
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CA£PO-METAOAUPM. AKTICULlTlOKa. 

alarly the os magnum and unciforni, a coiivoxity which is 
eiTol withiu it ; by tbuse meouH a, bnll-and -socket joint ia 
meU, which is lubricated by u, aynoTiol menibraua. 
HynvtrUil iiunUirane. — This membrane enters into the ?en 
idulatiouB of all the carjuJ bonus with each other, except *^ ' 
it of tlie pisiform, and servea aUo fur the joint between 
I two rows ; it sends two processes between thetliree bones line 
thefinitrow,andthn)ebetween the four bones of the second, '"'" 
OK to faoilitatc their nMpective mutious. Moreover it in 
itinued downwards to the joints formed between the *ud 
pid and the four motAcarpal bunea of the ubinr aide of |^°,' 
) hand ; and in some cases thora is a continuity with the itw 
lovial niembrana belonging to the wrint-joiui. '''^ 

CARFOHBIACARPAL ABTICl'LAnOKS. 

e last four metacarpal bones are connected with those of Kin 
) carpus by moans of two seta of fibrous bands, one on the *'''' 
lmftr(fig. 88,'-), the other on the dorsal surface (lig. 89,"), 
] Littur being the better marked. 

Dormd tigamtnU. — All but the Sflh metaoarpal bone doi 
»ive two bauda. Thus to the second, or that of the fore- 
ger, a thin fusciculua of tibres paxsta from the trapenum, 
other from the trapezoid bone ; the third receivoa one from 
i loat hone, a:id from the os magnum ; the fourth from 
9 OB magnum and abio from the unciform ; but the fifth is 
[tnected to the unciform only. On the ;iii'niar surface a nnd 
lilar mode of connection exists, hut the fibres are not so "^ 
ill defined ; there is a ringle baud to each bono, exoept 
it of the little finger. 

inf«r-<«iruu« Ugiiment. — There is likewise a separate int. 
«r-os)<eous band in one part of the carpo-metacarpal ™"' 
iiculation, — which connects the lower and contiguous 
rucrs of the os uognuni and uudform to the ulnar ude of 
i bone of the third metacarpal boue. This ligament is 
iplayed by remoi-ing the dorsal ligaments, and with them 
iHirtion or layer of the oaseoua structure. The rynovial ^y^ 
■mhrane for the four ulnar carpo-metacarpal articulations ■"'' 
continued from that which lines the articulations of the 
rpnl bones one with another : occasionally the last two meta- 
rjials will have a separate synovial sao in their joint with 
B unciform boue. 

The mttamrpai h<mt of iht Ommh is articulated on qnite Tin 
'ifferent plan from the others ; and, ss it admits of all '^^, 



ARTICULATIONS OF THE METACARPAL BOXEa 

tlie motions except rotation, it la conneotM to tHe 

a capsular ligBiiieiit (meiolnraiiulii capsularis, — Weitbr.)," 

..., which posses from the rouj^h border bonnding its vticalK 

^IdHpn'raio BU^'ice to the trapeziiiiD. This joint possesaea a seuuato 
nn.iki tynorial mtmbrane. 



ooNNKimoN or the MrrAciRPAi. bones one with ANonm. 
"""«» The carpal ealrfmititi, or batrii, of the last four tnetaonil 

boues are bound togBthor by three transverse fibrous huub," 
dorml. on the palmar, nnd the same on the dorsal surface ; UtM' 

fl^t^*"" ""^ slight, and often ill-defined, and pjuis (pom one btm» to 
eomii Vgi- another. The bones are likewise bound together by nnme- 

rous inier-oiiemia ligomontoua fibres between th^^ir Istenl 

surfaces : a portion of these surfaces, viz, irh<>Te thc^ u« 
Srnniinl in contact, is covered with cartilage, and is aupplied wi& 
™u!iuuui! synovial membrane continued down between the uietacarpd 
from »boT8. hones from the caipo-metacarpal articulation. 
Heidii nf The digitai exiremitits (li-caih) of the metacarpnl bones an 

bmitt"'' connected at their palmar aspect by thiii ligamentous fibrw 

paasiug across them fK>m one to another. The -nhoLe U 
Tmnnvomi called the (ronstierje ligament (membrana lignnientoaiL, — 
ignmuut. -Weitbr.). Its place is indicated, fig. 88,"; but it is better 

aliown, though not numbered, in fig. 89, at the uetacupo- 

phttlaogeal joints. 



ASnCULATIOKS 



METACARPAL 



The rounded head of each of the last foiu* motacornl 
bones, being received into the slight concavity iti the extn> 
mity of the first phalanx, is maintained in its position hj 
two lateral Ugamenta, on anterior ligament, and a aynorU 



laiUi*! The Inlfral UgamtnU consist of dense and thiolc f 

ig«in»iai ^j gj^^^ ^g^ 88, '0, pUced one at each side of the joint; 

they are attached each by one extremity to the side of Um 

metacarpal bone, and by the other to the anterior Ligsuent 

and the contiguous extremity of the phalanx. The dircctka 

of the fibres is downwards and forwards. 

rulmnr In The twtttrtor or palmar ligament occupies the intoml 

U[or»l liini between the foregoing on the jialniar as^iect of each joint ; ft 

"•"'*■ is a Ti'ry thiclt and denac fibro-cartilaginous structure, vhid 

is tinuly united to tlio first phalangeal boue, and but IoomIj 



ACCESSORY LIGAMENTS OF THK HAKD, 31 

adhereut to the metaoarpal. It is coutinuoRB at each side 
witli the IfkteTal ligimieDt, so that the three form one un- 
divided structure which covers the joint, eicopt on the 
dorsal aspect It« palmar surface is grooved fur the flexor 
teDdous, whose sheath is coDuected to it at each aide ; the 
other surface, looking to the interior of the joint, is lined by 
the sj'uovial membniDe, aiid supports the head of the meta- 
caqial bone • !u the joint of the thumb there are two 
aexaiiiuid bones, one Jtituate at each aide, which are connected 
with its ligameutB. 

A iijiwrial membranii is present in each joint, and invests Synovinl 
the surface of the ligaments which connect the bones. ""■ 

The phulnngei are artlciilnted >cith one anothrr," on the jtrtlauln- 
same piau as that which obtains in the articulation between J,'^,^™, 
the bases of the first phalanges with the metacarpal bones ; it fiat u pi 
is therefore unnecessary to repeat what haa juat been stated "" '"*■ 
on that subject. 



There are some other fibrous and ligamentous stmictm'es Sr 
which deserve to be noticed in this place, but mit aa being _^ 
ii^mnected immediately with the joints ; they are rather 
accessories to the tendons of the muscles. Thus, along the 
margins of the phalanges, on their palmar aspect, are attached 
the vagiiuU [t^nunta, which form sheaths for the flexor v, 
tendons, and bind these securely to the bones ; they are ^| 
thick and firm along the bodies of the phalanges, but over the 
flexures of the joints they are thin, so as not to impede the 
moveineiita ; their inner surface is lined by a fine membrane 
of the synovial class, which is reflected over the tendons, 
giving to the parts a smooth and shining appearance. 

The jiMlnkn nnntJur tigittneitt of the wrist is continuous P< 
with the fascia of the fore-arm, of which it may be con- '" 
sirlered a part. It extends from the extremity of the radius, 
at its outer border, to the iimer part of the cuneiform and 
piriform bones, and serves to bind down the extensor 

The antfrior aimtiiar Hgamriit is a dense fescicuUia of Ai 



* M. OraretlUer lOp. cii.. I. i |>. 4lU|ciDiiiiicn the unu 
|[gament" to be most Rppraprialc to ibme ligniuTiiM. ud 
tint thty lurrcr to ooniinns and pompi*te the slislloit Igl 
culnrnivity of the first plialani; the siie .jf whidi he regur 
oiae diii]irM[jorti(iunle1y siaal] ia cuiuimrisna with the li 
m.t^ri*l b,me. 



•'glenoid 



AKTICCLATIONS OP THE TELTIS. 

filiroB, extending ncross tlie carpus from the pisiform anil m- 

cifuna boDca to the trapezium ondosecnpboides, sci 

a canal, which traUBinits the flexor tendons of the di^li, 

retains them in their situation, and modifiea their a 

the hand. 



ARTICULATIOKS OP THE PELVIS. 



■i 

\x eadi of ' 



The OB sacrum, conudered as the conimou point 
port of the vertebral column above, the 08 coccygia 
and OBsa innoniinata ou ea^ih side, is connuoted with eadi ol 
these in the following manner ; — 

Sai^ra-vtrltbral articidatioH. — The basB of the sacnun ii 
articulated with the last lumlmr vertebra by moans aitnilH 
'"'' to those which uonueut the differiMit vertebne tlirougbual 
tlie column ; I, by an inter-Tertebnd aubstajioe jdacwi 
between their oval surfaces ; 2, by the contiiinatiua of tb 
anterior and posterior common ligaments ; 3, by ligainenti 
subflava connecting the neural arch of the last litmbar nr 
tebra with that of the first sacral ; 4, by an inter-spiuoua Vff 
ment ; 5, by two fibrous capsulea and synovial membrauM ft* 
the articulating prooesse» ; utid lastly, by a aacro-verl«ht)l 
ligament. All these, except the last, being eiiuilar to th* 
DOiiuecting media throughout the column, roijuire no faiiba 
description in thU pUce. 
e The tacro-terteJii'iU lU/amrnt {fig. !)4,') extends obUqwlf 
,. from the tip of the transverse process of the lust loiBtaf 
vertebra downwards to the depressed lateral aurface at 4« 
bnae of the SHJ^rum ; its form is tiian^lar, aD<] its filM 
diverge, some joiniug the ligament iu front of the a»cro-iBK 
artiotdation. 

The ilio-haaliar ligament^ is extended horizontally b«tWM> 

hy the summit of the tmuarorae process of the last ltuiib«r tM- 

tebra and the iliac crest of the innominate bone ; it U 

inserted into the latter opposite the hinder part of Uw itJM 

fossa, where its fibres expand somewhat, so as to giTe il a 

triangidar form. This is the only bond of union betwoM 

the lumbar vertebne an<l the hip bone. 

p The $aeny-ciitcyiiean artictdatuni ia effected, 1, by an anb- 

4 ri«r li^anxiit (fig. 93,''), consisting of irregular fibres, placed 

''' in front of these bones, and subjacent to the rectum ; 2, by 

a patttrior ligament more strongly marked, coui])OBe(l wf 

fibres which descend upon the bones of the coccyx from thr 

margin of the inferior orifice of the nacral canal ; S, by a 



THE 8ACR0-ILIAC ARTICULATION. 

thin layer of fihro-tartHage, which is of soft eoDBisteiice, and 
iuterpoaeil between the contiguous extremitius of the sacrum 
and ooocyi. 

T!i« several pier** of the coccyx art conniuiltd one to a 
another by a coutinuatiun of the anterior and posterior liga>- ^ 
uiuuts, vrhich unite the sacrum and coccyx, and by very <» 
thin intervening fibro-cartilnges. M. Velpeau * Btat«s that 
he has found the fibro-cartilage to ba amiular ift nhape, wid 
that the bones were covered vrttb cartilage towards the 
middle of tli« joint. There in, in eomo instances, uuch soft- 
ness and pliancy ; and a synovial membrane has been men- 
tloued t 1* present iu those cases in which the coccyx is 
freely movable. 

In the ndtilt male, the union between the sacrum and B 
coccyx, and that between the pieces of the latter, is usually |" 
ossific. In the fenialo this change most commonly does not '" 
occur till a more advaucod period of life : the pieces of the 
coccyx unite one to another in the first place, and th« joint 
bBtween the sacrum and coccyx is not ossifiod till old age 
couios on, Tlio mobility increases during pregnancy. 

The lacro-Uuic articulation, often named the sacra-iliac 3i 
symphysis or synchondro- ^ 

sis, is formed between the p\„ g2 * 

lateral surfaces of the 
aacrum ami hip-bone closely 
applied to one another, and 
connected by an irregular 
liunella of a cartilaginous 
structure, and by the follow- 
ing ligaments— 

The posltriiiT saero-iliae 
ligameiiU consist uf threw 
or four sets of short, strong, 
irregular libres, extended 
between the posterior rough 
portion of the lateral sur- 
face of the sacrum and the 
corresponding p.irt of the 
. hiji-bone, — behind the articular surfaces of the bones. 

_ p. 358. Pari., 

witb tigamcDU. 
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* "TtalM conjpl. de TArt ct«9 A 
I8S. 
j* H. CruTeilhicr, "Aaitiimi« dcKriptive," torn, i 

i The Isft lide of the peliig, nnd a pattof the femu 





THE SACRO-SCIATIC LIGAMENTS, 

Some of the fibres paaa horixontaJly between tiie botiea, 

othera obliiiaoly ; of the latter, one band (fig. fl2,*) extondiiv 

(lownwarda from the pu- 

Fl2. 93.* terior superior iliac tpax 

to the third or fourth piMt I 
of the socnim, is deambcd 
Beparatelf , iinder tbe uMne 
of (rrom its directiun) tk 
ohiupir, or (from tmlT^ 
fiitiinte superfii^ally b 
the othero) tht patUnx 
tacro-iliac ligaimtnL U* 
anleriur iafro-Uiat. ligamttl 
consists of Boiue thin im- 
giilar fibres (figs. 93, 94,^ 
placed at the anterior ajpect 
of the 8acro-ili«c iyia- 
phyHia, and Kttscbed to tin 
pelvic RurfAL-ea of tbe m- 
cniiu and oh iitnouiinatum, 
Artkular caTlilixijf. — Thin ii a thiu Btratutn of cattilag* 
that fllla the irregultirities iu the surfaces of the bones : in it 
there is sometimes a hollow, like that which exists iu llw 
symphysis pubis. 

The BEicrum and coccyx are connected with the hip-boM 
by the following Ugaments : 

The poaterior, or griat iacro-anatie %om*n( (figa. it2, 9\') 
(ligamentuni sacro-ischiaticum majua, — Weitlir.), elougntod, 
broiMi, and triangiiUr, is pkced at the inferior and posterior 
part of the pelvis, whoso lower aperture it assists materially 
iu doaiag. Its base or brciitder part ia attaubeil to tlM 
postero-iiifurior iliac spiiie of the haiinoh bone and to tli* 
side of the sacrum and raiccyx ; whilst itti other extremity il 
fixed along the inner surface of the ischial tuberosity, wban 
it expands somewhat, and sends upwards and forwonl* 
along the margin of the ischial ramus a falciform jimiiriM, 

R. Cnocrgnil ligsnientB. 4, Tlie preat, nod A, tlip imntl Mirrii tulslk 
lignmeuta. «. Tbp oblique lijntnent. 13. Cut]'lnid. 14. Li^meatOH 
Wrei oriiip-j"i'it.— This tiketeh i» iDareurate, c. p. the "Km»ll" nar» 
Bciatic lig&tDFDt SDi] fnnkmtn nro too large ; the niUDil ligament of th* 
hip'joint i> fixod tou hlgfa is tlie uetsbulum. 

* A MClira nf tnc |ie1vis baring bwn ouulc, the U(t lateral luJf ii 
Mcn on UiB inner side with lignmimU ; vii, S. Sx^ra.mccjgccil. 1., 
Onat esero-Hciatic B. Small twuru-wiatio. 7. Auterior HcQ 
111, ObtunUr. 



THB PDBIC AETICULATION. 

nhich preMiitt) one aurfaoe lookiug townrda the peTinieol 
i apace, aud the other to the internal ubturntor muscle ; the 
■ CODcsve margiii of this otfaet if connected with the obturator 
' fascia, llie posterior surface of the ligament gives origin to 
I part of the gluteus maxiinuB ; the anterior is ia contact with 
I the nnall socro-sciatic ligament. 

I The unterior, or tmall tacro-tdatie ligament,' (ligamentum Be 

I UrCro-iBchiaticuin niiuos, internum, — Weithr.), much sbortar ^; 
I Bud thinner than the preceding ligament, is attached hj its 
boBe to the side of the sacrum and coccyx, where its tibres are 
blended with those of the great ligament ; and, by its apox, ^><.^ 
to the ischial spinous pi'ocesa of the hip-bone. Its form is ^ 
triuiguliu', and the direction of its fibres forwards and out- 
wards. This, the smaller Ugouieot, has behind it the larger en 
one ; and in front, or towards the pelvic cavity, it is in con- *" 
tact with the coccygens muscle. 

The ischial spinous procesB and tuberosity and these two si 
ligaments bound an oval interval, the trmill lacrO'HCuitic forti' ''' 
m«n, through which pass the obturator Latenius moecle, ^ 
ftud the internal pubic vessels and nerve. Above the ig 
Bhort«r ligament is a large oval opening, named the large 
laero-acialic fuiamen ; this is bounded before and above by 
the posterior Inirder of the iuuomiuate bone, and behind by 
the great ligament. It transmits the pyriform muscle, 
the great sciatic nerve, and the gluteal and ischiatic vessels 
and nerves. The ligaments, therefore, convert the sacro- 
sciatic notches of the hip-bone into foramina. 

The puliic artkiilaiUm (symphysis pubis) is formed by the 8j 
junction of the hip-bones iu the median line in front, In it >" 
there is au elongated piece of cartilage, interposed between ,t 
the osseous surfaces, and connected to each ; and fibrous 
bands or ligaments strengthen the whole. 

The eartilw/t ia attached to the bony surface ss indicated a 
in fig. 93, and projects somewhat beyond the level of the " 
bones behind. It varies in thickness in different bodies, h' 
At the back of the cartilage is an interval with smooth sur- ^ 
faces, which is larger in one body than in another, and is 
provided with a synovial-like fluid ; when this space is laige 
it reaches from the front to the back of the articulation, and In 
divides the cartilage into two, so that each bony surface has '" 
its own cartilaginous plate. A provision ia thus made for di 
a slight degree of movement, which, however, is more *° 
perceptible in the female pelvis. 

The union between the bones h strengthened by on l 
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THE KSEEJOINT— ITS SEMI-HTKAR CARTILAGES 



Minoh- pit before tlie spine of the tibia ; and by its uppnr extremitj ■ 
nmnu, ^^ ^ inaertdd into the iniior and hinder part of tho tixUmil | 

condyle of the femur ; hence ita direction is upn-Bjds, 1wl- 

Piatarlu: wards, and oiitwai'dB. The poalrrior ligament^ is attadMi 

cruciiJ; inferiorly to the back of the pit behind the tibinl Epine, tti ^ 

niuoii- superiorly to the fore part of the intercondyloid hollo*, " 

rnauu, gg ^gii ^ slightly to the aide of the inner ooudjie li 

the femur ; its fibres are diroct«d upwards and a little to 

warda. Its anterior surface is in contact with the W 

mentioned ligament, and its posterior with the li^amentts 

Beml-lunnr The leaii-lunar-fibro eartilaget are two crescent-ahnpvd td 
iafflT^ flattened lamellte, placed on the articulating Biirface« of di 
■ItuuUaa; head of the tibia, and iutcrpoeed between ttieae and lit 
douusctiaui condyles of the femur. The outer border of each is tbd 
ofbotii. ^^^ convei, the inner thin and concave, leaving the cental 
part of the upper surface of the tibia uncovened. IV 
superior surface of the fibro-oartilages is concave, and B 
apposition with the condylee of the femur ; the inforiMi 
Botb Hxcd flat, and rests on the head of the tibia, At their estr«nilw 
to ihe ti 1. y^gy ^j^ fibrous, and are firmly fixed to the head of ih , 
tibia, whilst by the circumference they are connected aiA 
the fibrons capsule of the joint ' 

Intern«I: The internal semi^luiuir fibro-eaTiUofie (fig. 97,*) elongiw' j 

from before backwards, is nearly of a semi-circular form ; M 
anterior comu is Hniall and pointed, and is inserted tub) m I 
impreBsion at the fore and outer pwt of the internal artiool' I 
uid nt- surface of the tibia ; its posterior end is attached to tb 
'^° ' inner edge of tlie hollow behind the spme, and ia in relate i 
with the posterior cruciBl ligament. 
Eitanml ; The ecfemai aemi-lnnar budy' forms nearly a contltk" I 
""'*'"' circle ; tt« two comua, fiied, one before, the other btslwwi L 
the points of the spine of the tibia, ore so doaa at tfetf 1 
insertion that they may be said to be inteqxned botwoa 
■nd ncuuh- attachments of the internal xemi-lunar disc. Its eixt 
'"^'* border is in contact behind with the tendon of tho popliwM ( 

muscle, and is therefore separated by this from the fibna | 
luuiuHoiy capsule. From this flbro-cartilage a ligamentous baud ace 
'"'"''' to be inserted into the inner condyle of the femiir ; ^i 

time it is in front of, aud at another behind the upper at 
ment of the posterior crucial ligament. 

BeligamDCt. 11. .Vii 



AKD SYNOVIAL MEMBEANE. ! 

Botb aurfnccB of eocli BemMimar fibro-«arti]age are infented Both i^nn 
by the gynoTial menibnuie. bSS^oi^ 

Transperse ligament, — Towards the front of the joint th« lig™ont. 
convex borders of the inter-articiiW fibro-cartUages are con- byipinvi 
nectcd byft slight transverse band, '"which receives thia name. "of^bniD 
Its thickness varies ranch in different bodies. 

The tynoeial membrane, like all similar Btructiires, lines Sfnorinl 
the contiguoiig surfaoeB of the parts entering into the '""° "" 
composition of the knee-joint, aud preaenta uecesaarily rather 
a complex arrangement. This complexity is increwed by Fold* of I 
the exiatenoo of a araall fold named ligamtnlixm tnueoi-um, [Jl^^^ 
which Rtretches itcroM the joint, reaching from the anterior 
part, at some distance below the patella, backwards to the 
margin of the later-condyloid fossa. 

Commencing to trace the reflections of the membrane at Tho cmiti 
the boriler of the patella, it will be found to line the capsule, """ri^n 
hut !>elow that bone it is separated firom the anterior ligo-* 
ment by a considerable quantity of adipose matter. Then, 
rellecl«d over the semi-lunar fibro-cartUagea, it gives them 
an iuveHtmunt ; and rouncl the craoial tigaments alao it fonua 
a partial covering, ettclosing them as far a« their attachment. 
At the sides of the patella there ore two slight folds, which LiEiinicnt 
ore named " alar " ligaments (ligamenta alaria). By means '"'^^ 
of the Ugamentoua structures the membrane will be guided 
to the artioilating surfaces of the bones at soversl points. 
Finally, ascending for some way in front of the femur, it 
forms a cul-de-sac between this and the tendon of the ex- 
tensor muscles, and passes downwards to the margin of the 
jmtella, from whieh it has been followed. 



The upper ami lower extremities of the tibia and fibula are Eiid> miiI 
cowiectcd by ligaments together with synovial membranes, £^",2^^. 
and the shafts of these bones are moreover united by an nuwuid. 
inter-osseous meciibrane. 

The superior extremities of the bones present two Supei-i'ii' 
fiat oval surfaces covered with cartilage, which are closely "[^n'^"'"" 
applied to one another, and retained in titv, by au anterior 
and a posterior baniL The anIcHor ligtmtent (ligamentum 
superius anticum) (figs. 97 " ; 98 ') is a broad flat band of Antwinr 
fibres, which passes obliquely upwards and inwards from 
the head of the fibula to the external tuberosity of the tibia. 
The poaterwT ligamtnt (Ugamentn^ Buperiua postioum) P«Mrinr 
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THE HIF-JOINT LIQAMEHTa 

is covered by m&aj inuBcIea. A synovial bursa 

in front from the conjoined psoaa and iliacus. 

has booD found to be coutinuous with the synoTial 

of the joint, through an ojiening in the fore part of Ihi 

fibrouB capsule. 

The cutyloid liyamewt is a fibro-cartiUgiiioo.B ring ^St 
id 02,'^), placeil round the uivity, n-hiuh serves th« piupceeif 
, incre&singthe depth, and completing the border wbete thiiv 
deficient. It is inclined inwards &om the point of its cod- 
nectbn with the boue, bo aa to narrow tile acetnbulnm, aoJ 
as it were to embrace the head of the femur. Tlie \m*iit 
port or base of this structure in attJicluMl to the hoai. *^ 
its thin edge is fi:ee ; the external surface is iu ooutaot *itk 
the capsular liganieiit, the internal with the fatnul of tit 
femnr, and both are covered by the synovial metabam- 
It« fibres are not continued all round ; they nthor p0 
obliquely from without icwarilii, over the truu^iii of III 
cavity, ouo extremity being attached to the outer, llt((- "^ 
to the inner surface. 

At the cotyloid notch the deepening band of fi] 
li^tnoiis fibres is continued from side to side, 
the circumference complete, but some additional denn ' 
trauHverse fibres are superadded in this port ; &om itUd 
cirmunBtance, as well as from the band being stretched acta> 
from one margin of the notch to the other, it is usually nund 
the tramverat ligament. Subjacent to the transverse pcstkt 
an interval is left for the admission of the articular Te»ek 

The inteT-aTlicular ligament (fig. 92,") is not luifrvquentl; 
called the " round " ligament ftaparing !) (ligatnentutu IB* 
t- capitis femoris, — Weitbr.). It is a fasciculus of fibm 
implanted by one extremity, which is round, into the foaiaii 
the head of the femur ; by the otUor, which is broad. Bat, sal 
bifid, into the margins of the cotyloid notch, wheru its Sbn 
become blended with those of the transverse lij^anieut. Tbk 
outer surface of this ligament is covered with a ttibaht 
Iirocess of the synovial membrane of the joint. It pmenb 
many varieties as to thiukness and strength in iim^wl 

The tynorial membraiir. lines the contiguous Biir&OM rf 
' the ports entering iuto the cnmpositioii of the ariiciiUlios, 
and gives them a smooth and shining aiipeorauoo. Aoa 
the margin of the articular surface of the femur, it tat» b* 
traced Blong the neck of that bone to the insortioa cf Ifct 
capsidor ligament, the inner surface of which it linea ta tt 



THB KNEEJOlur. 



22S 



r ihe Buiiorior attachment. There it turns inworda over 
the cotyloid ligiiment, and covcre the fat is the bottom of 
the articular cavity ; nttd finally, guided aa it were by the lubefiir 
iuter-articuki Ugameut (which it iuvi'Sts by a fuiiuel-shtiped '^^at. '^^ 
process), it roachoB the heud of UiD femur, whence its 
reflectiooa have t>een traced. 



(Fl 



*l-TrEIAI.) 



6 ^, brood and Inunui 
Pig. B5." 



This is a gingljmua or hinge joiut, which is formed by 
the condyles of the femur above, the head of tho tibia 
below, tuid the patella in front ; the cootiguouH aurfuccs of Art 
tho sevora! booes are covered with cartilage, sjid provided ' 
with a large syiiovial menbrtme. The joint is supported by 
ligaments at opposite Bides, viz. eitemal and intemaJ, an- 
terior and posterior ; as well as by some bands and accessory »od 
Btruoturea in the interior, viz. two crucial ligamoatg, and ^^'j 
two interposed fibro-cartiliigeB (semi-Iim&r) with a trans- 
verse connecting band, 

Tho intertial laleral ligament (fig*. 06, 
fiat, connects the tuberosity of the in- 
ternal condyle of the femur with the 
inner surface and the hinder border of 
the tibia. luferiorly it is covered by 
the tendons of the sartoriuB, gracilix, 
and BCtiii'teii<linosua muscles, with a syno- 
^^al bursa iuterposed ; its deep surface 
rests on the articular synovial membrane. 

The external laUral ligament* is a 
roandod cord-like &8Ctculus of fibres, 
shorter than the preceding ligament, 
which paBsea tmia the tuberosity of the 
eitemiJ condyle of the femur to " 
bead of the fibida. Its direction 
almost vertical ; its internal Burface cor- 
responds with tlie tendon of the popliteus 
muscle and the external articular vessels. 
The tuudoB of the bicejis flexor cruris is divided into two ii 




* Figure 96 is s front viev of tbe ligumeDta of the left kuec-joiot ; 
fnru uf Ibe femur, lti« tibia, aud the fibula, vitb tbe pul^lla, are dii- 
oemlble. Pig. 90 is a tack vieo of tbe wme. 1. Liguuebt of tha 
|iiil«Us. 2. 'Internal lateral of kDoe'JDiut. S, 4. EiWrual iateial of 
S. Posterior ligiuuciit, in comieclioQ with Uit teudim of the 




AETICPL4TI0K3 OP THE FOOT. 

(ligamentum fibulse medium) deBcenda from Qie extnooity el 
the fibwla, and ia inBerted iuto the middle of the extoml 
snifaoe of the oh calcis. It is crossed by the tendons of & 
peroneua longus and brcvis muscles. 2. The anterior foci- 
ciiluH (fig. 98,°) (lignmentum iibulie auteriux) paKsea obUqodj 
forwards from the fore part of the outer m&lleolns to s ipot 
on the uatmgalus in front of its outer lateral articular snrfiwe; 
it is the shortest of the three. 3. The posterior, (fig. 99,1 
(ligomentum flbulw posteriuB,) the strongest of the thnt 
ligaments, pnsses almost horizontally backwards from tk 
pit on the inner niirfnce of the m&Ueolns towards the poale- 
rior surface of the astragalus, where it is inserted, readdtf 
to the border of the groove for the tendoa of the fliui 
longus poUicis. 

Anterior tkJtd poifTTioT tibw-farsal ligamenla. — In front i/ 

'' the joint is a thin membrane, (fig. 08,*^ composed of irrc^altf 

fibres, and extended from the bonier of the articulating sd 

of the tibia to the sstmgalus in front of its piiUej-Gh 

flurfaoe. The posterior ligament, whose chief fibres iK 

transverse, is attached to the same bones behind the aiti' 

ctilar snr&ces. 

Ej-novinl "^^ syiiopiaf mr.mbrane lines the joint and sends npwaidi 

iDEiubraiis; a process for the inferior peroneo-tibial articaliition ; so 

enDnilfbo- this laat aiticulation may be said to form part of the 

nud niiuin. joint, as both ore lined by the same synovia) meml 

AETICULATIOira OF THE FOOT. 

B'ncii nf '^^ several bones of enoh of the divisions of the tA T 

tiiu imL (tarsus, metatarsus, and phalftiiges,) are l)ound together fcj | 

ligaments ; and these divisions themxc^lves are : ~ ' 

imited so as to form a whole. 

The seven bones of which the tarsus oonaists nu^ b* | 

divided into two sets : the os calcis and astragalna finn- i 

ing the first ; the scaphoid, cuboid, ai^d three cuneifbm 

i>oneB, the second. And their complicated articulatinna will 
Tlwlraril- '* »niuiged in three divisions. — a. In the first will be 
euUUnii* 111^ placed the articulations of the bones of the first set, the 
ruwai" one with the other. — b. The second division will contain 
viiiuUB. tde connections of the first with the second set. — c And lie 

last will comprise the connections of the several boues of tfat 

wooiid set with eai^h other. 




ASD OP THE FIRST SET OP THE TARSiL BOKF-S, 



27itf arirdjoTiw leUIv the ctUcanrum. — The aatragaliw ia a 
CODuectod to the calcaneum hy three ligaments, and two ^ 
■ynovial meiuhnuieB. The chief of the fanner U situate 
between the bones, uniting them somewhat after the maimer 
that bivalve shells are connected by their muscle, and Ti 
is named from its position the infrr-oueouj ligamtnt. "' 
Its breadth from si<le to side is more than an inch ; and In 
the fibres of which it ia composed pass perpendicularly ^ 
between the bones, one extremity being flied to the groove "'■ 
between the articulating siirfacos of the calcaneum, the 
other to a corresponding depreaaion in the sstragnlus. Hie 
posterior ligament (fig. 99,"} connects the posterior border of Pc 
the aatragalua with the upper surfaca of the calcaneum ; its ,',^ 
fibres are oblique, and its length but little more than ''> 
three or four lines. The rxivriud ligaintnit is a slight fasci- e, 
culiia, which descends perpendicularly from the outer surface '',^ 
of the astragalus to the eitemal side of the calcaneum ; its 
direction is parallel with the middle division of the external 
lateral ligament of the ankle-joint. It may be farther Sc 
observed, that as the astragalus ia wedge<l in between the ^ 
malleoli, and as the lateral ligaments of the ankle-joint pass 
downwardfl from them to the on catcis, those ligaments must 
contribute somewhat to retain the astragalus in its position 
with reganl to the latter bone. 

S'jniiHal membraiia. — There are two sets of articular t- 
surfaces by which the astragalna and calcaneum are in ^'' 
contact. The posterior one has a separate synovial sac ; ip 
while the membrane which serves for the anterior articula- „ 
tioM is continued forwards between the astragalus and the ^n 
scaphoid bone. 



B. ARTIOCUTIONB OP THE TAKflAl, B05^ OF THE FIRST SET 
WITH THOSE OP THE KBCONB, 

This division includes — 1. The articulation of the os caleis o, gaicu 
with the cuboid. 3. The os caleis with the scaphoid, 3. The ""'' ™'«'' 
astragalus with the scaphoid. 

The calfanxHtn teith the (iiboid bone. — The connection Supotor 
between these bones is maintained by three ligaments and a ^'™,^ 
synovial membrane. The superior eaUanto-ctdmid ligament 1igiiw»>i 
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ARTICIDLATI0H3 OF THB TABSAL BONBS— 

is a nniTow flat band of fibros, which connecta tli 
and upjier Burftice of tbo culcanouiu with the adjacent 
the cuboid bone. The iii/erior ligament cousiats 
diBtiDct fiisdculi of fibres, ditferiiLg in form and attaohnienti 
of which one ia Hupeificiiil, the other deep-sonted. 
auperficiftl piirt, called the Imiff plantar ligamrtU (fig, lOO,") 
(lig&meiitum longum pltmtse), is the longest of the tind 
'" ligfiments. ItA fibres, attached behind to the inferiur sof^tt 
of the colcaneum aa far oa the aiitarior tubercle, fm 
forwordii, and nre attached in greater part to the ta1«- 
rosity on the uud«r surface of the cuboid bono ; same J 
them are continued onwards, and terminate at tho buaea uf 
the third and foiuth metatarsal bones, after covaring tbt 
taodon of the peroneus longus muscle. The deep-tuUi 
•plfintar caUanto-c\>boid ii^meiit* lies close to the bniut, 
being septirated from the former bf some cvUular twiK. 
Ita breadth is cousiderahle, its length scarcely ait iitdt. fkg« 
extremity is attached to the calcaneum before the lon^ &p 
ment, the other (somewhat expanded) to the under siirfta) 
of the cuboid bone, internal to the tuberosity. 

hiUrnal OT xnier-oufous calcanuKahoid Itgamcnt^ — Beaid« 
the preceding ligament* there ia another b&ud of SJeam, 
placed deeply between the bones iix the unus or pit bstvM* 
the B«tragaliis and os calda (its anterior part): these aiUari 
from the os calcis to the inner aide of the cuboid. — A ayiiMMl 
DKfTi&ranc ia present iu the joint, and is nece«aarilf rofiedcd 
upon the articular iturfaces of the %ament8. 

Die cafcuiiBum il^lfc tht staphoU bont. — This in eff>.>ot«d bj 
means of two ligaments, their eurfaces not being in oontaoi 
Of these ligameuts, the inferior, or plantar wile, (Sjj, 100,^ 
(ligamentum calcaueo-scaphoideum inferiiu, — Meckel,) muck 
' the larger, passes forwards and inwards fhim the fore-part 
(sustentaculum tali) of the calcaneum to the inferior bui^M 
of the scaphoid bone. The lament is flat and horisonteli 
and in contact iuferiorly with the tendon of the tibialis pcMticni 
muscle, while Buj«riorly it fomin part of the fosHa whid 
receives the head of the astragalus ; and it is liued by 0» 
synovial membrane, which ia continued forwards from tlw 
anterior articulution of the astragalus and as calcia. ^e 
txteinal, doTial, or inCcr-osseoiui ligameHt (lig. cfilcaneo- 
scaphoideum externum), forms the external bouudiuj of 
the cavity just mentioned. Its fibres, very abort, an 
directed from behind forwards between tlie cuntignnn 
extremitios of the bones. They are attached [loeteriorly 



THB FIR3T "WITH THE SECOND SET. 

Ige of the aa cidcis tlint separateB the articular siii 
ir the astntgnlua aiid 03 uuboideii, and anteriorly t 
er side of the scaphoid boue. It 
eply at the anterior part of the pi,-, ]no.* 

inus pedis) between the Batragalus 
eaJcia. lu counoction with it is 
r bundle of fibres, slready deacribed 
Hdug tram the os cnlcis to t\ie 
•It of the cuboid. 
attrngal-^u with the ncuphoid btmr. 
artragftlus forms with tbo sciphoid 
ball-iuiil-sooket joint. The upper 
r articulating surface of the 
Dm, nod the inferior and external 
O-Hcuphoid ligBments enter into 
ticiilation ; nil these porta hnTe & 
D synovial membrane. On the 
1 of the foot the astrngalus is 
1 in its situation by the liga- 
a astrognlo-scaplioideum, a, brotid 
if filiree cxteudiug obliquely for- 
troTU the anterior extremity of the 
tus to the superior surface of the 
d bone. It is covered by the ex- 
teudous. The pliice of an inferior 
it to connect these bones is supplied by the cal- 
oaphoid tij^ment, on which the a-itmjtalus rests, cuoin. 
rtnigalus wants that security against dinplacement f,'"'*" 
would be aflbrded by the attachment of its inferior t.We n 
to the scaphoid bone ; but on the arrangement of "'"" ' 
nes and ligaments above mentioned, depends, in a 
leasure, the elasticity of the arch of the foot, as well 
freedom of motiou which belongs to this part of the 
—The lynoriiU Membrane of this joiut is continued synori 
le anterior of the two joints formed between the oa \'a™^ 
ad astragalun. >''"''' 

CCLATIONS or THE TARSAL BOKBS OF THB SBt-OND SET 




tarsal bonea of the second range, yii. the suapboid, 

Ugamenti of the luot (plantar surface). 1. larerior calaiDFo- 
. 2, Lig^nientnin longuu planbv. S. De«p ptsalar valcuico- 
4. Tano-Dtetktaml. 5. TraiLsVcne liguiieuC. fl. LilemI 
• of the pbalongid ju!uU. 
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ARTICULATIONS OF THE TABSAL BONEa 

ciiboid, and tliree cuneifonn, lire connected together 
following manner. 

1. The icaphfiid and evboid bones are connected by i 
' dorsal ligamvtni, composed of Hhort thin fibres, extesdad 

obliquely between the two bones ; u plantar, situate in Ik 
sole of the foot, and conHisting of tranaveree fibres ; and b 
iaUr-o»eotia ligament, which interveuea between the bona 
and is attached to their contiguous surfaces. Vi'hen tb 
bones touch, which is not always the case, they present tm 
small articulating surfaces, that are covered with oartil^tt 
and have an offset of the common taisol synovial memhnu. 

2. The icaphoid and the mmtiform tone) are held b^jetbr 
by dorasl ligaments. It will be recollected that the sc)Ll>hnJ 
bone articnlate* with the three ouneifonn by the nn^xA 
faces on its anterior surface, The dorsal ligiunenta, three b 
number, pass from the uppur surface of the Hcaphoid in lb 
first, second, and third ctmciform bones, into which they ut 
inserted. Plantar bands are similarly disposed uq the undrf 
surface of the bones, but these are continuoua with, OT vt 
sets from, the tendon of the tibialis posticus. 

3. The ciAoiii and the f:xUrj\al tUTieiform bime are CO- 
neoted by a doT3<d ligament, which is a thin fasdciilili nf 
fibres extended between thorn ; a plantar liffammt, wbON 

1 fibres are transverse and ratbur indistinct ; and a bundle (t 
intcr-oateata fibres connected to their noighliouring atite 
Between the two bones a distinct articulation in formed h} 
cartilnginous surfaces ; it is provided sometbiiea with ( 
1 separate synovial membrane, at others with an offset &«■ 

that which belongs to the scaphoid and cuneiform bonea. 
I- 4. The three c^mei/orm bones are connected by 

'"" dorsal ligaments and strong inler-ogsecM fibres ; but the 
nd are their most efficient uniting structures. A 

plantar ligament exists only between the two tnneniHA 
bones, The articulations of these bones have offsets of tbt 
synovial membrane, that linos the Joint between then) nt 
the scaphoid bona. 

ABTIC^TLATIO-V OF THE TAItSUS ^^^TH THE MBTATABSU& 

.Uop The four anterior bones of the tarsus, viz. the three cunti- 
,1th form and the culxiid, articulate with the metatartiua ; sod M 
'"'■ the Brat and third cuneiform bones prcyoct beyond the oUur, 

the anterior extremity of the tarsus is very irregoltf. 

The first metatarsal bone articulates with the intemal omMt 
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k; the aecond in wedded iu between the fiiat luid third 
eifonD, and lestii tLgamst the middle one ; the third 
BtaiBal bone articuhktes with the extremity of the coire- 
iding cuneiform ; and the last two with the cuboid bone, 
orticuhu' mixfacos of the bones are fumiahod with syno- 
membranes, and thsj are held in contact by doiaaJ and 
itar, and intei-OEseouB lifjamente. 

lie doraal lijjameute are flat, thin banda of parallel fibres, Dunailrnig- 
oh paaa from behind forwards, comieoting the contiguous ^^^^ ""* 
"emitieH of the bones just mentioned. Thus the first 
starsal bone receives a brood thin band from the oorre- 
iding cuneiform bone ; the second receives three, which 
verge to its upper surface, one passing from each cuuei- 
a bono ; the third baa one from the external cuneiform 
e; and, SuaUf, the last two are bound by a foscicujus 
lach from the cuboid bone. The jilunUir set is less regu- PLnotBr 
[ the bands of the first and second toes are more strongly rauiilir 
'ked thou the corresponding ligaments on the dorsal sur- 
I ; and those of the fourth and fifth toes, which are 
ted by merely a few scattered fibres to the cuboid, receive 
port troTO the sheath of the peroneua longus muscle, 
amentous bands stretch in on oblique or transverse direc- oMique 
I from the internal cuneiform to the soooMfl and third ^i*"*- 
.atarsal bones, and from the external cuneiform to the fifth 



?he infer-uswovi ligaments are longitudinal in direction, [nter-oi- 

have ospecinl interest, because of tho difficulty they '"'"'V''^ 
lid oDcasiou in saparatiug the nietatnraus from the toraus luugiui- 
luld this oi>Bratioa l» considered a deeirable one), in con- '^'"^ 
aence of their deep position betwuen the bones.* a. The 
tmal and largest of these lief to the outer aide of the first inumul 
eiform bone, and extends from this bone to the neigh- i^^J^**" 
ring side of the second metatarsal, close to the articular 
Face. b. The vxiental. inter-osseous ligament separates EitenuL 
articaLition of the foarth and fifth metatarsal bones from 
rest. It connects the outer aide of the external couei- 
n bone to the same side of the third nietatantnl. c Some 
es, of less strength and importance than the preceding, 
observable in another situation, namely, on the outer 



a wu first {larlicuUrl; directed (c these ligamcnte by H. 
connection wiUi the uupatalion uf the foot Ihrongh ths 
({tmetalanal articoUlioD. See " Mauu«l dea Opficstioiia CLirorui- 
Far J. Go.ter." Siime Mit. Fui^ 1S2». 




aide of the necond metatarsal bone, conueutiiig j 
miclillo cuneifona, Theuo fibres, from their g 
tutea middle iuter-oueotis ligiuuent — The inl 
ments mny be found to vary aomen'h&t ii 
from those here stated ; they may be i 
Hame time to the contiguous aides of two 1 
motatnraal bones. 
^ Syivieutl membranes. — There are three synovial membnw 
J in this irregular series of articulatioas. a. One belongs te 
the internal cuneiform and the first metat&rwil bone : ti 
joint formed between these two bones is Altogether sepinl 
and out of the range of the rost fi. Another synovial man 
braue is plnceil between the cuboid and the fourth and GK 
metatarsal bones ; thi« is isolated on the inner side brtl 
extemnl iuter-oaaeoua ligament, c The third or inidiUe el 
is a prolongation of the synovial membrane from the jotnltt 
the aoaphoiU and cuneiform bones, which is coutiiiued't ' 
artioiilfttiona formed between the two external of t 
named bones, and the second and third metatanala. 
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Tlie metatarsal bones are bound together at th«ir 
and digital ends ; very firmly in the former, ancl looadj 
the latter situation. 

The tarsal ends or bases of the four outer Imnes articvla^ 

j^ with each other, having lateral artioular surfaces providol 
with synovial membrane, and they are connected by dccad, 
plantar, and inter-osseous ligaments. The lioraai t»l 
plimiar ligaments are short transverse bi^uds stret«biag 
bo\a one bone to another, and placed in such a majuier M 
their names sufficiently indicate. The iiifer-tiueoiis fibnSi 
lying deeply between the bones, occupy the uoa-articalu 
parts of their lateral surfaces : they are very t^si^taiit 
The articular surfaces are supplied with sifnovinl tnrmhrttiu, 
which in each is continued forwards from that tilting tbe 
joints formed between the basea of these bcinea and the 
tarsus. The firat metatarsal does not articulate lato^lv 
with the second bone. 

,U jTrdiUFeraa metafarial ligament. — The digital extKnutiH 
or heiuia of the metatarsal bones are loowly conitected 
by a transverse bund, (fig. 100,^) which is identical in its 
arrangement with the corresponding structura in the bond, 



AND OF THR PHALAKSES. 

with this excuption, naiOBly, that it ia attached to the great 
toe, whorcas in the upper member it Uovs not reach the 
thumb. 



H THB DIGITAL 



O or XHB I^TTEB (INK « 

The heails of the roetatamU bones are connected with the b 
f> articuUr nurfaceii of the first phaiaogea by two ^ 
leral lignmentB, an inferior ligamout, and a synovial mem- >^ 
, which are aimilar in every respect to those which 
j to the corresponding parts of the hand (page 316). 
The urtic\i]ations of the phaLinges witb one another ore P 
1 co:utructed on the same plan as those of the supe- 
ir extremity (pnge 217). lu each, the bones are held ia 
B^ntnct by two lateral ligaments (fig. 100,*) and an inferior 
' ^ament ; and the Hurfaccs are lined by n synoviul membrane. 
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